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HOW TO USE THIS SOIL SURVEY 


HIS SOIL SURVEY contains infor- 

mation that can be applied in man- 
aging farms and woodlands ; in selecting 
sites for roads, ponds, buildings, and 
other structures; and in judging the 
suitability of tracts of land for farming, 
industry, and recreation. 


Locating Soils 


All the soils of Goodhue County are 
shown on the detailed map at the back 
of this publieation. This map consists 
of many sheets made from aerial photo- 
graphs. Each sheet is numbered to cor- 
respond with a number on the Index to 
Map Sheets. 

On each sheet of the detailed map, 
soil areas are outlined and are identified 
by symbols. All areas marked with the 
same symbol are the same kind of soil. 
The soil symbol is inside the area if 
there is enough room; otherwise, it is 
outside and a pointer shows where the 
symbol belongs. 


Finding and Using Information 


The *Guide to Mapping Units" can 
be used to find information. This guide 
lists all the soils of the county in alpha- 
betic order by map symbol and gives 
the capability classification of each. It 
also shows the page where each soil is 
described and the woodland group, com- 
munity development group, and outdoor 
recreation group to which the soil has 
been assigned. 

Individual colored maps showing the 
relative suitability or degree of limita- 
tion of soils for many specific purposes 
can be developed by using the soil map 
and the information in the text. Trans- 
lucent material can be used as an over- 
lay over the soil map and colored to 


show soils that have the same limitation 
or suitability. For example, soils that 
have a slight limitation for a given use 
can be colored green, those with a mod- 
erate limitation can be colored yellow, 
and those with a severe limitation can 
be colored red. : 

Farmers and those who work with 
farmers can learn about use and man- 
agement of the soils from the soil de- 
Scriptions and from the discussions of 
the capability units and woodland 
groups. 

Foresters and others can refer to the 
section “Woodland, Windbreaks, and 
Shelterbelts,” where the soils of the 
county are grouped according to their 
suitability for trees. 

Game managers, sportsmen, and oth- 
ers can find information about soils and 
wildlife in the section “Wildlife.” 

Community planners and others can 
read about soil properties that affect 
the choice of sites for dwellings, indus- 
trial buildings, and for recreation areas 
in the section “Town and Country Plan- 
ning.” 

Engineers and builders can find, un- 
der “Engineering Uses of the Soils,” 
tables that contain test data, estimates 
of soil properties, and information about 
soil features that affect engineering 
practices. 

Scientists and others can read about 
how the soils formed and how they are 
classified in the section “Formation and 
Classification of the Soils.” 

Newcomers in Goodhue County may 
be especially interested in the section 
“General Soil Map,” where broad pat- 
terns of soils are described. They may 
also be interested in the information 
about the county given in the section 
“General Nature of the County.” 
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с. COUNTY, іп the southeastern part of 
Minnesota (fig. 1), has а total land area of 485,120 


State Agricultural Experiment Station at St Paul 
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Figure 1.—Location of Goodhue County in Minnesota. 


acres. It contains 22 townships or parts of townships. 
The population was 34,768 in 1970. The city of Red 
Wing is the county seat. Other important towns and 
settlements are Kenyon, Bombay, Wanamingo, Pine 
Island, Zumbrota, Bellechester, Goodhue, Belle Creek, 
Sogn, Dennison, Stanton, Cannon Falls, Whiterock, 
Vasa, Welch, Hay Creek, Wacouta, and Frontenac. 

The county is mainly rural. Growing corn, oats, and 
soybeans and dairying, cattle feeding, and stock rais- 
ing produce most of the income. 

Goodhue County has light-colored to dark-colored, 


nearly level to very steep soils that formed in loess or 

glacial material. The original vegetation was tall and 

ш grasses of the prairie апа deciduous hardwood 
orest. 


How This Survey Was Made 


Soil scientists made this survey to learn what kinds 
of soil are in Goodhue County, where they are located, 
and how they can be used. The soil scientists went into 
the county knowing they likely would find many soils 
they had already seen and perhaps some they had not. 
They observed the steepness, length, and shape of 
Slopes, the size and speed of streams, the kinds of 
native plants or crops, the kinds of rock, and many 
facts about the soils. They dug many holes to expose 
soil profiles. А profile is the sequence of natural layers, 
or horizons, in a soil; it extends from the surface down 
into the parent material that has not been changed 
mueh by leaching or by the action of plant roots. 

The soil scientists made comparisons among the 
profiles they studied, and they compared these profiles 
with those in counties nearby and in places more dis- 
tant. They classified and named the soils according 
to nationwide, uniform procedures. The soil series and 
the soil phase are the categories of soil classification 
most used in a local survey. 

Soils that have profiles almost alike make up a soil 
series. Except for different texture in the surface 
layer, all the soils of one series have major horizons 
that are similar in thickness, arrangement, and other 
important characteristics. Each soil series is named for 
a town or other geographic feature near the place 
where a soil of that series was first observed and 
mapped. Seaton and Vasa, for example, are the names 
of two soil series. All the soils in the United States 
having the same series name are essentially alike in 
those characteristics that affect their behavior in the 
undisturbed landscape. 

Soils of one series can differ in texture of the surface 
layer and in slope, stoniness, or some other character- 
istics that affects use of the soils by man. On the basis 
of such differences, a soil series is divided into phases. 
The name of a soil phase indicates a feacure that affects 
management. For example, Seaton silt loam, 2 to 6 
percent slopes, is one of several phases within the 
Seaton series. 
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After а guide for classifying and naming the soils 
had been worked out, the soil scientists drew the 
boundaries of the individual soils on aerial photo- 
graphs. These photographs show woodlands, buildings, 
field borders, trees, and other details that help in draw- 
ing boundaries accurately. The soil map at the back 
of this publication was prepared from aerial photo- 
graphs. 

The areas shown on a soil map are called mapping 
units. On most maps detailed enough to be useful in 
planning the management of farms and fields, a map- 
ping unit is nearly equivalent to a soil phase. It is not 
exactly equivalent, because it is not practical to show 
on such a map all the small, scattered bits of soil of 
some kind that have been seen within an area that 
is dominantly of a recognized soil phase. 

Some mapping units are made up of soils of different 
series, or of different phases within one series. Two 
such kinds of mapping units are shown on the soil 
map of Goodhue County: soil complexes and undiffer- 
entiated groups. 

À soil complex consists of areas of two or more soils, 
So intricately mixed or so small in size that they can- 
not be shown separately on the soil map. Each area of 
a complex contains some of each of the two or more 
dominant soils, and the pattern and relative propor- 
tions are about the same in all areas, Generally, the 
name of a soil complex consists of the names of the 
dominant soils, joined by a hyphen. Brodale-Sogn 
fiaggy loams, steep, is an example. 

An undifferentiated group is made up of two or more 
soils that could be delineated individually but are shown 
as one unit because, for the purpose of the soil survey, 
there is little value in separating them. The pattern 
and proportion of soils are not uniform. An area shown 
on the map may be made up of only one of the domi- 
nant soils, or of two or more. If there are two or more 
dominant series represented in the group, the name of 
the group ordinarily consists of the names of the 
dominant soils, joined by “and.” Sogn and Copaston 
soils, 12 to 25 percent slopes, is an example. 

In most areas surveyed there are places where the 
soil material is so rocky, so shallow, so severely eroded, 
or so variable that it has not been classified by soil 
series. These places are shown on the soil map and 
are described in the survey, but they are called land 
types and are given descriptive names, such as Alluvial 
land, frequently flooded. 

While a soil survey is in progress, soil scientists take 
soil samples needed for laboratory measurements and 
for engineering tests. Laboratory data from the same 
kind of soil in other places are also assembled. Data 
on yields of crops under defined practices are assembled 
from the records and from field or plot experiments 
on the same kind of soil. Yields under defined manage- 
ment are estimated for all the soils. 

Soil scientists observe how soils behave when used 
as a growing place for native and cultivated plants 
and as material for structures, foundations for struc- 
tures, or covering for structures. They relate this be- 
havior to properties of the soils. For example, they 
observe that filter fields for onsite disposal of sewage 
fail on a given kind of soil, and they relate this to the 


slow permeability of the soil or its high water table. 
They see that streets, road pavements, and foundations 
for houses are cracked on a named kind of soil, and 
they relate this failure to the high shrink-swell po- 
tential of the soil material. Thus, they use observation 
and knowledge of soil properties, together with avail- 
able research data, to predict limitations or suitability 
of soils for present and potential uses. . 

After data have been collected and tested for the 
key, or benchmark, soils in a survey area, the soil 
scientists set up trial groups of soils. They test these 
groups by further study and by consultation with 
farmers, agronomists, engineers, and others. They then 
adjust the groups according to the results of their 
Studies and consultation. Thus, the groups that are 
finally evolved reflect up-to-date knowledge of the soils 
and their behavior under current methods of use and 
management, 


General Soil Map 


The general soil map at the back of this survey 
shows, in color, the soil associations in Goodhue 
County. A soil association is a landscape that has a 
distinctive proportional pattern of soils. It normally 
consists of one or more major soils and at least one 
minor soil, and it is named for the major soils. The 
soils in one association may occur in another, but in 
a different pattern. 

А map showing soil associations is useful to people 
who want a general idea of the soils in a county, who 
want to compare different parts of à county, or who 
want to know the location of large tracts that are suit- 
able for а certain kind of land use. Such а map is а 
useful general guide in managing a watershed, a 
wooded tract, or a wildlife area, or in planning engi- 
neering works, recreational facilities, and community 
developments. It is not a suitable map for planning 
the management of a farm or field, or for selecting 
the exact location of a road, building, or similar struc- 
ture. This is because the soils in any one association 
ordinarily differ in slope, depth, stoniness, drainage, 
and other characteristics that affect their management. 

Тһе terms for texture used in the title for several 
of the associations apply to the texture of the surface 
layer. For example, in the title of Maxfield-Klinger 
association, the words “moderately fine textured" refer 
to the texture of the surface layer. 

The names and delineations of soil associations in 
this published soil survey do not always agree or join 
fully with general soil maps of adjoining counties 
published at an earlier date. Differences are brought 
about by better knowledge about soils or modification 
and refinements in soil series concepts. In addition, the 
correlation of a recognized soil is based upon the 
acreage of that soil and the dissimilarity to adjacent 
soils within the survey area. It is generally feasible 
to include soils that are small in extent with similar 
soils where management and response is much the 
same, rather than to map them separately. 

'The 10 soil associations in Goodhue County are de- 
Scribed in the following pages. 
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Soils Formed in Loess and Glacial Till 


These are mostly broad upland soils that formed in 
about 14 to 40 inches of loess and the underlying 
glacial till. They range from well drained to very 
poorly drained and are nearly level to sloping. They 
formed under deciduous hardwood forest or prairie. 

Three of the soil associations of Goodhue County 
are in this group. 


1. Maxfield-Klinger association 


Nearly level, somewhat poorly drained to very poorly 
drained, moderately fine textured. soils 


This association is on an almost smooth ground 
moraine of glacial till. Weakly developed swalelike or 
hummocky drainageways finger into most areas. Areas 
are mostly nearly level, but à few are very gently 
sloping. Surface runoff is slow. 

This association makes up about 2 percent of the 
county. About 60 percent is Maxfield soils, 25 percent 
is Klinger soils, and 15 percent is soils of minor extent. 

Maxfield soils are on flats and in swales. They are 
poorly drained and very poorly drained. The surface 
layer is black silty clay loam about 11 inches thick. 
The upper 23 inches of the subsoil is olive-gray silty 
clay loam. The lower part of the subsoil and the under- 
lying material are mottled yellowish-brown, firm loam. 
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Klinger soils are on crests. They are somewhat 
poorly drained. The surface layer is very dark brown 
silty clay loam about 10 inches thick. The upper 15 
inches of the subsoil is mottled dark-brown and brown 
silty clay loam and silt loam. The lower 25 inches of 
the subsoil and the underlying material are yellowish- 
brown, firm loam. 

Of minor extent are the Kasson, Ostrander, Racine, 
and Skyberg soils. They are mostly on crests. 

Most of this association is used for cultivated crops, 
especially the parts that are drained. Growing cash 
crops and feed for livestock, chiefly cows, hogs, and 
cattle, is the major enterprise. This association is well 
suited to most cultivated crops grown in the county, 
especially corn and soybeans. The content of major 
plant nutrients is low to medium, and the content of 
organic matter is high. Available water capacity is also 
high. Improving internal drainage of the poorly drained 
and very poorly drained soils is the main management 
need. Wildlife habitat needs to be reestablished if the 
association is drained. | 


2. Klinger-Maxfield-Kasson association 


Gently sloping and nearly level, moderately шей 
drained. to very poorly drained, moderately fine tex- 
tured and medium textured. soils 


Figure 2.—Pattern of soils and parent material in Klinger-Maxfield-Kasson association. 
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This association is on gently rolling, broad uplands. 
Well-formed drainageways are in all areas, and the 
landscape slopes naturally from the crests into the 
drainageways. Slopes range from 1 to 4 percent and 
are 200 to 600 feet long. Elevations range from 5 to 
15 feet. Most soils are seasonally wet for short periods, 
and undrained soils in drainageways have a seasonal 
water table. Springs flow in the lower part of some 
drainageways. 

This association makes up about 7 percent of the 
county. About 30 percent is Klinger soils, 90 percent 
is Махћеја soils, 20 percent is Kasson soils, and 20 
percent is soils of minor extent (fig. 2). 

Klinger soils are on side slopes downslope from 
natural crests and just above wet drainageways. They 
are somewhat poorly drained. The surface layer is very 
dark brown silty clay loam about 10 inches thick. The 
upper 15 inches of the subsoil is mottled dark-brown 
and brown silty clay loam and silt loam. The lower 25 
inches of the subsoil and the underlying material are 
firm, grayish-brown and yellowish-brown loam. 

Maxfield soils are in natural drainageways and upper 
reaches of natural drainageways. They are poorly 
drained and very poorly drained. The surface layer is 
black silty clay loam about 11 inches thick. The upper 
28 inches of the subsoil is olive-gray silty clay loam. 
The lower part of the subsoil and the underlying ma- 
teríal are mottled yellowish-brown loam. 

Kasson soils are on crests of uplands. They are 
moderately well drained. The surface layer is very 
dark brown silt loam about 9 inches thick. The upper 
11 inches of the subsoil is dark-brown and brown, 
friable silty elay loam; and the lower 22 inches is 
mottled brown and yellowish-brown, firm heavy loam. 
The underlying material is mottled yellowish-brown 
loam. 

Of minor extent are the Ostrander, Racine, and Sky- 
berg soils. They are оп crests and side slopes on 
uplands. 

This association is well suited to cultivated crops 
and is used extensively for such crops as corn and 
soybeans and to some extent for small grain and hay. 
Dairying and the raising of hogs and beef cattle are 
the major livestock enterprises. The content of organic 
matter is mainly medium or high. Available water ca- 
pacity is high. The hazard of wetness is slight to severe 
because a seasonal water table is perched at a depth 
of 1 foot to 8 feet or is in drainageways almost all the 
time. Improving internal drainage and constructing 
waterways that reduce surface runoff are the main 
management needs. Wildlife habitat needs to be re- 
established if the association is drained. 


3. Racine-Ostrander-Maxfield association 


Nearly level to sloping, well drained to very poorly 
drained, medium textured and moderately fine textured 
soils 

This association is on gently rolling and rolling, 
broad uplands. Well-formed drainageways are in all 
areas and are well entrenched near stream valleys. 
Nearly level to gently sloping soils are along the crests 
of uplands, and gently sloping to sloping soils are along 
side slopes adjacent to entrenched drainageways. Most 
slopes are 200 to 600 feet long from the crest to the 


lower part of the side slope. Most soils in natural drain- 
ageways have a seasonal water table (fig. 3). 

This association makes up about 5 percent of the 
county. About 40 percent is Racine soils, 30 percent 
is Ostrander soils, 10 percent is Maxfield soils, and 20 
percent is soils of minor extent. 

Racine soils are on crests of broad uplands and on 
side slopes adjacent to drainageways. They generally 
are closer to major stream valleys than other major 
soils in this association. They are well drained. Slopes 
range from 1 to 35 percent. The surface layer is very 
dark grayish-brown silt loam about 7. inches thick, 
and the subsurface layer is dark-brown silt loam about 
4 inches thick. The upper 12 inches of the subsoil is 
brown silt loam; the lower 32 inches formed in glacial 
till and is yellowish-brown, friable and firm loam. The 
underlying material is light olive-brown loam. 

Ostrander soils are on crests of broad uplands and 
on side slopes adjacent to drainageways. They are well 
drained. Slopes range from 1 to 12 percent. The surface 
layer is very dark brown silt loam about 11 inches 
thick. The subsoil is dark-brown and yellowish-brown, 
friable loam about 30 inches thick. The underlying ma- 
terial is brown loam. 

Maxfield soils are in drainageways. They are very 
poorly drained and poorly drained and are nearly level 
to depressional. The surface layer is black silty clay 
loam about 11 inches thick. The upper 23 inches of the 
subsoil is olive-gray silty clay loam. The lower part of 
the subsoil and the underlying material are mottled 
yellowish-brown loam. 

Of minor extent are the Brodale, Copaston, Klinger, 
Marlean, Lindstrom, Schapville, Sogn, and Terril soils. 
They are on upland ridges, valley walls, and foot slopes. 

This association is well suited to cultivated crops 
and is used extensively for such crops as corn and soy- 
beans. To some extent, small grain and hay crops are 
also grown. Dairying and the raising of hogs and beef 
cattle are the major livestock enterprises. The hazard 
of erosion is moderate for most soils in this associa- 
tion. Surface runoff is medium. Maxfield soils generally 
are wet and need some drainage devices and waterways 
that reduce surface runoff. Wildlife habitat needs to 
be reestablished if drainage systems are developed. 


Soils Formed in Loess 


These are mostly soils that formed in 5 to about 10 
feet of loess on broad uplands. Glacial till is under the 
loess in most areas. These soils are well drained and 
poorly drained and are nearly level to sloping. They 
formed under a deciduous hardwood forest or prairie. 

Two of the soil associations of Goodhue County are 
in this grouping. 


4. Seaton association 


N a level to sloping, well-drained, medium-textured 
soils 


This association is on gently rolling, very broad up- 
lands. Well-formed, somewhat entrenched drainage- 
ways reach into all areas. Elevations vary from 5 to 
30 feet. These soils are nearly level and gently sloping 
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Figure 3.—Racine-Ostrander-Maxfield association. 


near the summits or high divides and are more sloping 
along the more entrenched drainageways that lead 
away from the areas of this association. 

This association makes up about 12 percent of the 
county. About 60 percent is Seaton soils and 40 percent 
is soils of minor extent. 

Seaton soils are on crests and side slopes. In a wooded 
area, the surface layer is very dark grayish-brown 
silt loam about 5 inches thick, and the subsurface layer 
is grayish-brown silt loam about 13 inches thick. The 
subsoil is yellowish-brown silt loam about 27 inches 
thick, The underlying material is yellowish-brown, 
friable silt loam. 

Of minor extent are mainly the Vasa, Garwin, and 
Orion soils. These soils are moderately well drained 
and poorly drained. They are mainly in drainageways 
or on uplands adjacent to these drainageways. Other 
soils of minor extent are the Chaseburg, Colo, Joy, 
and Mt. Carroll soils. 

Most of this association is used for cultivated crops 
and is well suited to corn. Legumes are also suited, but 
they require more lime. Field corn, sweet corn, and 
peas are cash erops, and most farms raise livestock. 
Available water capacity 15 very high. Surface runoff 
is medium. The content of organic matter is low to 
moderate, and that of lime is mainly low. The hazard 
of erosion is slight to moderate. Most of the soils of 


Dark-colored Maxfield soil is in the drainageway. 


minor extent in drainageways need drainage devices to 
reduce wetness and contain runoff. Maintaining fer- 
tility and reducing erosion and runoff are the main 
management needs. 


5. Mt. Carroll-Garwin-Port Byron association 


Nearly level to gently sloping, well drained and. poorly 
drained, medium textured and moderately fine textured 
soils 


This association is on gently rolling, very broad 
uplands. Well-formed drainageways are in all areas. 
The soils in drainageways are nearly level and in places 
are depressional Nearly level to gently sloping soils 
are on crests and side slopes adjacent to drainageways. 
Slopes range from 200 to 400 feet in length. Elevations 
vary from 5 to 20 feet. 

This association makes up about 9 percent of the 
county. About 50 percent is Mt. Carroll soils, 15 per- 
cent is Garwin soils, 10 percent is Port Byron soils, 
and 25 percent is soils of minor extent. 

Mt. Carroll soils are on crests and side slopes ad- 
jacent to natural drainageways. They are nearly level 
and gently sloping. The surface layer is very dark 
brown silt loam about 7 inches thick. The subsoil is 
dark-brown to yellowish-brown silt loam about 29 
inches thick. The underlying material is yellowish- 
brown coarse silt loam. 
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Garwin soils are in long, narrow drainageways and 
on some side slopes adjacent to the upper reaches of 
drainageways. These soils are mainly nearly level. The 
surface layer is black silty clay loam about 14 inches 
thick. The subsoil is dark grayish-brown to grayish- 
brown silty clay loam and silt loam about 33 inches 
thick. The underlying material is grayish-brown silt 
loam. 

Port Byron soils are on crests and side slopes ad- 
jacent to natural drainageways. The surface layer is 
very dark brown silt loam about 19 inches thick. The 
subsoil is dark-brown and brown silt loam about 21 
inches thick. The underlying material is mainly yel- 
lowish-brown silt loam. 

Of minor extent are mainly the Chaseburg, Colo, 
Joy, Orion, Seaton, and Timula soils. Seaton and Ti- 
mula soils are on crests and side slopes of uplands, 
and the other soils are in drainageways. 

Most of this association is well suited to crops, mostly 
field corn and soybeans. Small grain and hay are grown 
in areas where livestock is raised extensively. These 
Soils are also suited to canning crops, such as sweet 
corn and peas. Available water capacity is very high. 
Surface runoff ranges from medium to slow. The con- 
tent of organic matter is moderate to high. Wetness is 
a hazard on about 25 percent of this association that 
needs drainage devices. The hazard of erosion is slight 
to moderate. Most of this association needs manage- 
ment that contains runoff and reduces erosion. 


Soils Formed in Alluvium, Loess, Glacial Till, 
and Loess and Residuum 


These are mostly soils on dissected uplands and in 
narrow tributary valleys of streams. The soils formed 
in very recent alluvium, very deep loess, loess and 
glacial till, and loess and bedrock residuum. They are 
mostly well drained and are nearly level to very steep. 
They mainly formed under a deciduous hardwood 
forest. 

Three of the soil associations in Goodhue County 
are in this group. 


6. Seaton-Racine-Marlean association 


Nearly level to very steep, well-drained, medium-tex- 
tured зойз 


This association is on dissected uplands in the vi- 
cinity of major stream valleys. Gently sloping to slop- 
ing soils are on the upper part of upland ridges ; sloping 
to steep soils are on sides of entrenched drainageways 
and ravines; and very steep soils are on walls of 
stream valleys. 

This association makes up about 14 percent of the 
county. About 30 percent is Seaton soil, 30 percent is 
Racine soils, 10 percent is Marlean soils, and 30 per- 
cent is soils of minor extent. 

Nearly level to steep Seaton soils are in areas where 
loess is the dominant soil material. In a wooded area, 
the surface layer is very dark grayish-brown silt loam 
about 5 inches thick, and the subsurface layer is gray- 
ish-brown silt loam about 13 inches thick. The subsoil 
is yellowish-brown silt loam about 27 inches thick. The 
underlying material is yellowish-brown, friable silt 
loam. 


The nearly level to gently sloping Racine soils are 
on crests, and the sloping to steep Racine soils are on 
sides of entrenched drainageways. The surface layer 
is very dark grayish-brown silt loam about 7 inches 
thick, and the subsurface layer is dark-brown silt loam 
about 4 inches thick. The upper 2 inches of the sub- 
soil is brown silt loam; the lower 32 inches formed 
in glacial till and is yellowish-brown, friable and firm 
ри: The underlying material is light olive-brown 
oam. 

Marlean soils are on walls of stream valleys. Slopes 
range from 25 to 80 percent, 'The surface layer is black 
silt loam about 12 inches thick. It is underlain by dark 
yellowish-brown and dark-brown flaggy sandy loam, 
which is 24 to 60 inches thick over bedrock. 

Of minor extent are deep soils that formed in glacial 
till, such as Kasson, Klinger, and Ostrander soils; soils 
that are shallow or moderately deep to bedrock, such 
as Copaston, Derinda, Dubuque, Eleva, Schapville, and 
Shullsburg soils; and Billett, Gotham, and Terril soils. 
These soils are scattered throughout the association. 

Most of this association is used for crops grown to 
supplement livestock feed. Corn, small grain, and hay 
are well suited to most areas used for crops. Marlean 
soils and other very steep soils on valley walls are 
better suited to timber than to crops. Available water 
capacity of the soils used for crops is high to very 
high, and the content of organie matter is moderate or 
low. Periodic applications of lime generally are needed. 
The hazard of erosion is moderate to severe. Runoff 
is medium to very rapid, and a large amount of sedi- 
ment is deposited in streams. The main management 
needs in cultivated areas are to control erosion and 
contain runoff. 


7. Timula-Frontenac association 


Sloping to very steep, well-drained, medium-textured 
soils 


This association is on narrow and broad upland 
ridges, broken and very steep valley walls, and narrow 
valley floors. Deep, entrenched, well-formed drainage- 
ways or small ravines are in most areas. In the upper 
part of uplands, drainageways are very wide and al- 
most bulb shaped. They are narrower and entrenched 
where two or more small watershed areas come to- 
gether. Gently sloping and sloping soils are in most 
wide drainageways, and sloping to very steep soils are 
on sides of entrenched, narrow drainageways. These 
areas eventually tie into stream valleys. Elevations in 
the uplands vary from 20 to 60 feet, and along valley 
walls, they vary from 200 to 350 feet (fig. 4). 

This association makes up about 16 percent of the 
county. About 40 percent is Timula soils, 20 percent is 
Frontenac soils, and 40 percent is soils of minor extent. 

Timula soils are on crests and on sides of drainage- 
ways in all areas of the uplands. Areas are circular in 
shape. Permeability is moderate. The surface layer is 
very dark grayish-brown silt loam. The subsoil is yel- 
lowish-brown silt loam about 20 inches thick. The 
underlying material is light olive-brown silt loam. 

Frontenac soils are very steep and are on wallis of 
stream valleys and side tributaries. The surface layer 
is very dark brown silt loam about 12 inches thick. 
The subsoil is dark yellowish-brown silt loam about 18 
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Figure 4.—Timula-Frontenac association. Timula soils are on ridgetops; Frontenac soils are in wooded areas. 


inches thick. The underlying material is very pale 
brown cobbly sandy loam. 

Of minor extent are the Billett, Bold, Brodale, Chase- 
burg, Dubuque, Lamont, Lindstrom, Marlean, Port 
Byron, Seaton, Sogn, and Whalan soils. Chaseburg 
soils are in narrow drainageways. The other soils are 
in a variety of areas near Timula and Frontenac soils. 

Most of this association is used for crops grown to 
supplement livestock feed, but Frontenac and other 
very steep soils are better suited to timber. Corn, small 
grain, and hay are well suited to most areas used for 
crops. Available water capacity of cultivated soils is 
high to very high. The content of organic matter is 
moderate. Тһе hazard of erosion is slight to severe. 
Runoff is dominantly medium, and a fairly large amount 
of sediment is deposited in major streams. The main 
management need in cultivated areas is to control ero- 
sion and contain runoff. 


8. Seaton-Frontenac-Chaseburg association 


Nearly level to very steep, well-drained, medium-tex- 
tured soils 


This association is on broad upland ridges, broken 
and very steep valley walls, and narrow valley floors. 


Soils on broad uplands are dissected by  well-en- 
trenched, long, narrow drainageways. Slopes range 
from 1 to 30 percent, are single and convex, and extend 
from the crest of an area to the drainageway. They 
range from 200 to 700 feet in length. Elevations vary 
from 10 to 60 feet. Soils on narrower upland ridges 
adjacent to valley walls do not have the long drain- 
ageways. Slopes range from 1 to 30 percent on the 
narrow upland ridges and from 25 to 80 percent on 
the valley walls. Elevations vary from 10 to 60 feet 
in the upland; the ridgetop to the valley floor ranges 
from 200 to 400 feet. Soils on the valley floor are nearly 
level to gently sloping on the narrow flood plain and are 
gently sloping to steep on foot slopes at the base of 
the valley wall. 

This association makes up about 18 percent of the 
county. About 45 percent is Seaton soils, 19 percent is 
Frontenac soils, 10 percent is Chaseburg soils, and 26 
percent is soils of minor extent. 

Seaton soils are on crests and side slopes of uplands 
and on foot slopes on valley floors. In a wooded area, 
the surface layer is very dark grayish-brown silt loam 
about 5 inches thick, and the subsurface layer is gray- 
ish-brown silt loam about 13 inches thick. The subsoil is 
yellowish-brown silt loam about 27 inches thick. The 


8 SOIL SURVEY 


underlying material is friable, yellowish-brown silt 
loam. 

Steep and very steep Frontenac soils are on walls of 
stream valleys and side tributaries. The surface layer 
is very dark brown silt loam about 12 inches thick. 
The subsoil is dark yellowish-brown silt loam about 18 
inehes thick. The underlying material is very pale 
brown cobbly loam. 

Chaseburg soils are in long, entrenched, narrow 
drainageways or on small flood plains of most upland 
areas. The surface layer is very dark grayish-brown 
siit loam about 11 inches thick. The underlying ma- 
terial is stratified very dark grayish-brown and dark 
grayish-brown silt loam. 

Some of the soils of minor extent are the Brodale, 
Dubuque, Marlean, Mt. Carroll, Radford, and Sogn 
soils. They are on upland ridges and valley walls. 

Most of this association is used for cultivated crops 
grown to supplement livestock feed, but Frontenac and 
other very steep soils on valley walls are better suited 
to timber and this is their main use. Corn, small grain, 
and hay are well suited to most areas of this associa- 
tion used for сгорз. Available water capacity of soils 
used for crops is high to very high. The content of 
organie matter is moderate or low. Periodic applica- 
tions of lime generally are needed. The hazard of ero- 
sion is moderate to severe. Runoff is medium to very 
rapid, and a large amount of sediment is deposited in 
major streams. 'The main management needs in culti- 
vated areas are to control erosion and contain runoff. 


Soils Formed in Outwash or Recent Alluvium 


Тћезе soils mostly oecupy benches and flood plains 
of streams. The recent alluvium is on the flood plains, 
while outwash materials are on the benches. These 
soils range from somewhat excessively drained to very 
poorly drained and are nearly level to sloping. 

Two of the soil associations of Goodhue County are 
in this grouping. 


9. Estherville-W aukegan-Alluvial land association 


Nearly level to sloping, somewhat excessively drained, 
well-drained, and poorly drained, medium-textured and 
coarse-textured soils 


This association is on benches and flood plains of 
major rivers. The benches range from 20 to 50 feet 
above the natural level of the streams, and the flood 
plains range from 2 to 15 feet. Most soils on stream 
benches are nearly level and smooth. They slope very 
gently with the gradient of the stream. Soils range 
from sloping to very steep where they are part of foot 
slopes and escarpments. Flood plains are both smooth 
or plain and braided in appearance and are very gently 
undulating. 

This association makes up about 11 percent of the 
county. About 50 percent is Estherville and other some- 
what similar sandy or shallow gravelly soils, sueh as 
Gotham, Plainfield, Burkhardt, and Salida; about 27 
percent is Waukegan and other similar or associated 
soils, such as Fairhaven, Kegonsa, and Dickinson; 
about 18 percent is Alluvial land and soils on flood 
plains; and 5 percent is soils of minor extent on small 
buttes of upland ridges. The three major soils make up 


about 25 percent of the association; the rest is similar 
Soils with which they are associated. 

Nearly level to sloping Estherville soils are on stream 
benches. They are somewhat excessively drained. The 
surface layer is about 14 inches thick and is very dark 
brown loam in the upper part and very dark grayish- 
brown sandy loam in the lower part. The upper part 
of the subsoil is dark-brown sandy loam, and the lower 
part is gravelly coarse sand. The underlying material 
is grayish-brown gravelly coarse sand. 

Waukegan soils are on broad stream benches some 
distance from the stream. The surface layer is very 
dark brown silt loam about 13 inches thick. The sub- 
soil is yellowish-brown silt loam about 20 inches thick. 
The underlying material is gravelly coarse sand. 

Alluvial land is on very low flood plains of streams. 
It is stratified sediment consisting of sand, loam, sandy 
loam, and silt loam. The nature and thickness of the 
sediment vary. 

Waukegan soils are well suited to corn and soybeans. 
Available water capacity is moderate. The main man- 
agement need is to supply sufficient available water. 
Because available water capacity is low, Estherville 
soils are poorly suited to crops. Where available water 
is sufficient, small grains and hay erops are suited to 
some extent. Most of the Estherville soils have been 
converted to permanent woodland or pasture, but some 
areas are used as а source of sand and gravel. Alluvial 
land is used as pasture or woodland or is left idle. It 
is better suited to pasture than to other crops because 
flooding is frequent. 


10. Marsh-McPaul-Radford association 


Depressional, very poorly drained. marshes; and nearly 
level, moderately well drained and. somewhat poorly 
drained, medium-textured soils 


This soil association is on flood plains along major 
rivers. The flood plains are either at the natural water 
level of the river or are within 5 feet. The very poorly 
drained marshes are generally more distant from the 
main channel, and the moderately well drained soils 
are adjacent to the main channel. 

This association makes up about 6 percent of the 
county. About 25 percent is Marsh, 20 percent is Mc- 
Paul soils, 20 percent is Radford soils, and 35 percent 
is soils of minor extent. 

Marsh areas are small, shallow, isolated, and land- 
locked ponds surrounded by poorly drained soils on 
flood plains. 

McPaul soils are on flood plains along the stream 
channel. The surface layer is very dark grayish-brown 
silt loam about 12 inches thiek. The underlying layer 
is stratified, very dark grayish-brown and grayish- 
brown silt loam about 18 inches thick. Below this is 
black and very dark gray loam and silt loam about 
30 inches thick. 

Radford soils are on first bottoms of flood plains that 
are some distance from the stream channel, and most 
areas are on the narrower stream bottoms. The sur- 
face layer is very dark grayish-brown silt loam about 
9 inches thick. The underlying material is very dark 
grayish-brown silt loam that has thin strata of grayish 
brown and is about 17 inches thick, Below this is black 
silt loam and silty clay loam about 34 inches thick. 
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Of minor extent are the Colo, Ankeny, Lawson, 
Houghton, Orion, and Zumbro soils. 

Most of Marsh and adjoining areas are left idle or 
are used for pasture or hay. Most of the МеРаш soils 
are pastured or are idle, but some areas are cropped. 
Radford soils are used for crops and are well suited 
to corn and soybeans. 


Descriptions of the Soils 


This section describes the soil series and mapping 
units in Goodhue County, Minnesota. Each soil series 
is described in detail, and then, briefly, each mapping 
unit in that series. Unless it is specifically mentioned 
otherwise, it is to be assumed that what is stated about 
the soil series holds true for the mapping units in that 
series. Thus, to get full information about any one map- 
ping unit, it is necessary to read both the description of 
the mapping unit and the description of the soil series 
to which it belongs. 

An important part of the description of each soil 
series is the soil profile, that is, the sequence of layers 
from the surface downward to rock or other underlying 
material. Each series contains two descriptions of this 
profile. The first is brief and in terms familiar to the 
Jayman. The second is much more detailed and is for 
those who need to make thorough and precise studies 
of soils. Color terms are for moist soil unless otherwise 
stated. Coarse fragments are reported as a percentage 
of the total volume of the soil material. The profile 
described in the series is representative for mapping 
units in that series. If the profile of a given mapping 
unit is different from the one described for the series, 
these differences are stated in describing the mapping 
unit, or they are differences that are apparent in the 
name of the mapping unit. 

As mentioned in the section “How This Survey Was 
Made," not all mapping units are members of a soil 
series. Alluvial land, frequently flooded, for example, 
does not belong to a soil series, but nevertheless, is 
listed in alphabetic order along with the soil series. 

The names, descriptions, and delineations of soils in 
this published soil survey do not always agree or join 
fully with soil maps of adjoining counties published 
at an earlier date. Differences are brought about by 
better knowledge about soils or modification and refine- 
ments in soil series concepts. In addition, in some map- 
ping units, it is feasible to include with the regular 
correlated soil small areas of similar soils, where man- 
agement and response is much the same, rather than 
to map them separately. Other differences are brought 
about by the predominance of different soils in taxo- 
nomie units made up by two or three series. Still an- 
other difference may be caused by the range in slope 
allowed within the mapping unit for each survey. 

Following the name of each mapping unit is a symbol 
in parentheses. This symbol identifies the mapping 
unit on the detailed soil map. Listed at the end of each 
description of a mapping unit is the capability unit, 
woodland group, community development group, and 
outdoor recreation group in which the mapping unit 
has been placed. The page for the description of some 
of these can be found by referring to the “Guide to 
Mapping Units" at the back of this survey. 


The aereage and proportionate extent of each map- 
ping unit are shown in table 1. Many of the terms used 
in describing soils can be found in the Glossary at the 
end of this survey, and more detailed information about 
the terminology and methods of soil mapping can be 
obtained from the Soil Survey Manual (5).! 


Alluvial Land 


Alluvial land consists of alluvium deposited in old 
channel bottoms or along banks of rivers and streams. 
This alluvial material lacks uniformity of color, tex- 
mre and soil reaction. It shows little or no soil forma- 
ion. 

Alluvial land, frequently flooded (0 to 2 percent 
slopes) (AfJ—This land type consists of moderately 
well drained to poorly drained stratified sand, loamy 
sand, silt, sandy loam, silt loam, and loam. These sedi- 
ments, which vary in texture and in thickness, are de- 
posited during brief, hour-long floods or during floods 
that last as long as 1 or 2 days. This type is on narrow 
first bottoms along stream channels. Areas range from 
200 to 1,200 feet in width and from 5 to 100 acres in 
Size. À water table is at a depth of 1 to 4 feet. Reaction 
is neutral to mildly alkaline. 

Included with this land in mapping are areas of 
sandy riverwash. These are soil materials that have 
been deposited by swift-moving flood waters in very 
thick beds adjacent to stream channels, mainly along 
the Mississippi River. 

Alluvial land, frequently flooded, is mainly used for 
pasture or is idle. It is not suited to crops because flood- 
ing generally is too frequent. Idle areas tend to re- 
vegetate heavily with willow, cottonwood, and silver 
maple. Capability unit VIw-2; woodland group 7; com- 
р development group 1; outdoor recreation group 


Alluvial land, sloping (2 to 12 percent slopes) (Ап). 
—This land type is well drained, and most areas con- 
tain large quantities of gravel -and cobblestones. In 
some places stratified silt loam and loam or sandy loam 
1 to 3 feet thick overlie the gravel and cobblestones. 
In other places, especially in the fan-shaped areas, the 
soil is mostly sandy. It is in intermittent drainageways 
in side valleys of tributary streams. The drainageways 
are along the outer edges of foot slopes of valley walls, 
and they fan out adjacent to the flood plain. Areas 
range from 50 to 300 feet in width and are frequently 
flooded by fast-moving waters. Periods of flooding can 
be brief or continue for hours. Watershed areas above 
this land type generally range from 160 to 2,000 acres 
in size. Included in mapping are some areas that are 
nearly level and some areas of Chaseburg soils. 

The main limitation is the severe hazard of flooding. 
Most areas are idle, but some are used as pasture or 
woodland. Capability unit VIw-3; woodland suitability 
group 7; community development group 1; outdoor 
recreation group 1. 


Alvin Series 


The Alvin series consists of nearly level and gently 
Sloping, well-drained soils on river terraces. These soils 


‘Italic numbers in parentheses refer to Literature Cited, p. 127. 
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TABLE 1.—A pprozimate acreage and proportionate extent of the soils mapped 


Soil Acres | Percent Soil 

Alluvial land, frequently flooded__._.-.---------- 6,558 1.4 | McPaul silt loam- 2... 
Alluvial land, sloping--__----------------------- 1,199 .2 | Mt. Carroll silt loam, 0 to 2 percent slopes........ 
Alvin fine sandy loam, 0 to З percent вІорез.-.--.- 1,080 .2 | Mt. Carroll silt loam, 2 to 6 percent вюрев. 2. 
Ankeny sandy loam, 0 to З percent slopes--------- 702 .1 | Mt. Carroll silt loam, 6 to 12 percent slopes, eroded. 
Bellechester sand, 25 to 45 percent зюрез--------- 3,569 .7 | Mt. Carroll silt loam, benches, 0 to 3 percent slopes. 
Billett sandy loam, 2 to 6 percent slopes__________ 1,370 .3 | Orion silt loam, wet---------------------------- 
Billett sandy loam, 6 to 12 percent slopes--------- 701 .1 | Ostrander silt loam, 1 to 6 percent slopes--------- 
Biscay loam____.._-.------------------------- 748 .2 | Ostrander silt loam, 6 to 12 percent slopes, eroded. 
Bremer silty clay loam, wet.___...-------------- 3,545 .7 | Plainfield loamy sand, 0 to 6 percent slopes_. 
Brodale-Sogn flaggy loams, steep__._---.-------- 1,572 ‚8 | Plainfield loamy sand, 6 to 25 percent slopes. ..... 
Brodale-Sogn flaggy loams, very steep... ........- 4,726 1.0 | Port Byron silt loam, 0 to 2 percent slopes________ 
Burkhardt loam, 0 to З percent slopes------------ 1,806 .4 | Port Byron silt loam, 2 to 6 percent slopes-------- 
Canisteo silty clay loam ıı. 488 .1 || Port Byron silt loam, 6 to 12 percent slopes, eroded- 
Chaseburg silt loam, 0 to З percent slopes... ....... 9,484 2.0 || Port Byron silt loam, benches, 0 to 3 percent slopes. 
Colo silty clay 1оат—--------------------------- 4,027 .8 | Racine silt loam, 1 to 6 percent slopes... ........ 
Copaston loam, 1 to 6 percent slopes..__.____---- 504 .1 | Racine silt loam, 6 to 12 percent 810088 ------- 
Copaston loam, 6 to 12 percent slopes, eroded----- 959 .2 | Racine silt loam, 6 to 12 percent slopes, eroded___ _ 
Copaston loam, moderately deep, 0 to 6 percent Racine silt loam, 12 to 18 percent slopes, eroded... 

slopes______----_--------------------------- 483 .1 | Racine soils, 18 to 35 percent 81008 ----- 
Copaston loam, moderately deep, 6 to 12 percent, Radford silt 1оата------------------------------ 

slopes, eroded__..-...__.-----.-------------- 215 (1) || Salida gravelly coarse sand, 1 to 12 percent slopes. 
Dakota loam, 0 to 3 percent slopes. ------ 872 .2 | Salida gravelly coarse sand, 12 to 45 percent slopes. 
Derinda silt loam, 5 to 12 percent slopes, eroded. 299 „1 | Schapville silty clay loam, 2 to 12 percent slopes... 
Derinda silt loam, 12 to 25 percent slopes, eroded. 593 .1 || Schapville silty clay loam, 12 to 18 percent slopes. - 
Dickinson sandy loam, 0 to 2 percent slopes- - - --- 985 .2 || Schapville-Sogn complex, 18 to 35 percent slopes... 
Dickinson sandy loam, 2 to 6 percent віорев...--- 2,061 .4 | Seaton silt loam, 0 to 2 percent віорев.----------- 
Dickinson sandy loam, 6 to 12 percent slopes- ---- 983 .2 || Seaton silt loam, 2 to 6 percent з]орез------------ 
Dodgeville silt loam, 1 to 6 percent slopes. ------- 714 .1 || Seaton silt loam, 6 to 12 percent slopes, егодед____ 
Dodgeville silt loam, 6 to 12 percent slopes, eroded- 248 .1 | Seaton silt loam, 12 to 18 percent slopes, eroded___ 
Dubuque silt loam, 2 to 6 percent slopes, eroded___ 240 .1 || Seaton silt loam, 18 to 25 percent slopes... ....... 
Dubuque silt loam, 6 to 12 percent slopes, eroded__ 721 .2 || Seaton silt loam, valleys, 6 to 12 percent slopes, 
Dubuque silt loam, 12 to 18 percent slopes, eroded.| 4,108 .8 eroded. E 
Dubuque silt loam, 18 to 35 percent slopes. ....... 9,729 2.0 | Seaton silt loam, valleys, 12 to 18 percent slopes, 
Eleva sandy loam, 2 to 6 percent 1орез---------- 240 .1 eroded_____--_----------------------------- 
Eleva sandy loam, 6 to 18 percent в1орев.--.----- 668 .1 | Seaton silt loam, valleys, 18 to 25 percent slopes__ 
Estherville loam, 0 to 6 percent slopes............| 2,436 .5 | Seaton complex, 6 to 12 percent slopes, eroded- __. 
Estherville soils, 6 to 18 percent slopes. ---------- 617 .1 || Seaton complex, 12 to 25 percent slopes, eroded- _ - 
Fairhaven silt loam, 0 to 3 percent slopes_________| 5,145 1.1 | Seaton, Timula, and Bold silt loams, steep-------- 
Frontenac soils, steep- _ --------------------- 2,273 .5 | Shullsburg silty clay loam, 2 to 14 percent slopes___ 
Frontenac soils, very steep---------------------- 15,472 3.2 || Skyberg silt loam_,.___.__-_.------------------ 
Gale silt loam, 0 to 3 percent slopes-------------- 500 .1 || Sogn and Copaston soils, 12 to 25 percent slopes. _ 
Garwin silty clay юаш-------------------- 5,536 1.1 | Sparta loamy sand, 0 to З percent віорев.-..-.--- 
Garwin silty clay loam, зууајез____________------ 936 .2 | Terril sandy loam, 2 to 6 percent ۵0968 ...- 
Gotham fine sand, 2 to 12 percent slopes- -------- 1,633 .3 | Terril sandy loam, 6 to 12 percent slopes -------- 
Gotham fine sand, 12 to 35 percent slopes. ------- 2,136 .4 | Terril sandy loam, 12 to 25 percent slopes. ------- 
Houghton тиеК-—----------------------------- 585 .1 || Timula silt loam, 2 to 6 percent slopes- ---~-------- 
Houghton muck, зееру------------------------- 284 .1 | Timula silt loam, 6 to 12 percent slopes... ......- 
Joy silt loam, 0 to З percent зорез--------------- 6,704 1.4 | Timula-Bold silt loams, 12 to 25 percent slopes... 
Kasson silt loam, 1 to З percent slopes- ---------- 7,538 1.6 | Vasa silt loam, 0 to З percent slopes. ............ 
Kegonsa silt loam, 0 to 3 percent віорез..-.-.---- 1,078 .2 | Waukegan silt loam, 0 to З percent slopes________ 
Kegonsa and Fairhaven silt loams, 6 to 18 percent Whalan silt loam, 1 to 6 percent віорея----------- 

slopes 654 .1 || Whalan silt loam, 6 to 12 percent slopes, етодед___ 
Klinger silty clay loam, 1 to 3 percent slopes... 19,152 4.0 | Whalan silt loam, moderately shallow, 1 to 6 
Lawson silt Тоат..-.---.----------------------- 2,385 .5 percent slopes------------------------------- 
Lilah sandy loam, 0 to 6 percent віорев.-.-------- 777 .2 | Whalan silt loam, moderately shallow, 6 to 2 
Lilah sandy loam, 6 to 35 percent slopes.......... 1,019 .2 percent slopes, егойей_—---.------------------ 
Lindstrom silt loam, 2 to 6 percent slopes......... 524 .1 || Whalan silt loam, moderately shallow, 12 to 18 
Lindstrom silt loam, 6 to 12 percent slopes________ 1,066 .2 percent slopes, егодей-——---------------------- 
Lindstrom silt loam, 12 to 25 percent slopes.......| 1,077 .2 | Whalan silt loam, moderately shallow, 18 to 35 
Marlean soils, steep___.--_-----.--------------- 2,175 .4 percent вйорев_-.-.-------------------------- 
Marlean soils, very еер--------------------- 4,670 1.0 || Zumbro loamy вапа.-..----------------------- 
Marsh c 2222222222222 4,065 .8 
Maxfield silty clay loam________.--------------- 21,453 4.4 Тоа ------------------------------- 
Maxfield silty clay loam, swales___..------------ 6,781 1.4 


1Less than 0.05 percent. 


Acres 


Percent 


= 


GO ©‏ جر 


ме Сл 


= => = 


oio aap دن‎ RO кож ооо = оь оо О Сл бо bo не Oto = не to to x= H سر‎ CO ko бо AL 00 Не сл D о bo to 


al 
.1 
.4 
.4 
.2 

0 


100. 


GOODHUE COUNTY, MINNESOTA 11 


formed in glacial outwash. The native vegetation was 
deciduous hardwood forest. 

In a representative profile the surface layer is dark 
grayish-brown fine sandy loam about 7 inches thick, 
and the subsurface layer is dark grayish-brown fine 
sandy loam about 6 inches thick. The subsoil is dark- 
brown and yellowish-brown, friable and very friable 
fine sandy loam about 47 inches thick. The underlying 
material is grayish-brown gravelly coarse sand. 

Permeability is moderate, and available water ca- 
pacity is moderate and high. The content of organic 
matter is moderately low. The content of available 
phosphorus is medium, and that of available potassium 
is low. 

Most areas are used for crops or pasture. The main 
limitations are hazards of erosion and droughtiness. 

Representative profile of Alvin fine sandy loam, 0 to 
8 percent slopes, 325 feet east and 1,450 feet north of 
the southwest corner of sec. 32, T. 112 N., В. 12 W., 
approximately 50 feet north of road: 


Ар—0 to 7 inches, dark grayish-brown (10YR 4/2) fine 
sandy loam, light brownish gray (10YR 6/2) dry; 
weak, fine, granular structure; very friable; 
medium acid; abrupt, wavy boundary. 

A2—7 to 13 inches, dark grayish-brown (10YR 4/2) fine 
sandy loam; weak, medium, subangular blocky 
structure; very friable; medium acid; clear, wavy 
boundary. 

В1 13 to 20 inches, dark-brown (10YR 4/3) fine sandy 
loam; dark grayish-brown (10YR 4/2) coatings 
on faces of peds; weak, fine and medium, sub- 
angular blocky structure; friable; many, fine and 
very fine, tubular pores; medium acid; clear, wavy 
boundary. . 

B21t—20 to 32 inches, yellowish-brown (10YR 5/4) fine 
sandy loam; dark-brown (7.5YR 4/4) coatings on 
faces of peds; weak, medium, subangular blocky 
Structure; friable; common thin clay films; many, 
very fine and fine, tubular pores; medium acid; 
clear, wavy boundary. 

B22t—32 to 37 inches, yellowish-brown (10YR 5/4) fine 
sandy loam; dark-brown (7.5YR 4/4) coatings on 
faces of peds; weak, medium and coarse, sub- 
angular blocky structure; very friable; many con- 
tinuous clay films; medium acid; gradual, wavy 
boundary. 

to 60 inches, yellowish-brown (10YR 5/4) fine 

sandy loam, some very thin strata of very fine 

sandy loam; very friable; moderate, medium, pris- 
тай с structure; medium acid; abrupt, wavy bound- 


ary. 

IIC—60 to 65 inches, grayish-brown (10YR 5/2) gravelly 
coarse sand; loose; single grained; mildly alka- 
line. 


The thickness of the solum, or the depth to underlying 
sand and gravel, ranges from 38 to 70 inches. The lower 
part of the solum is as much as 10 percent gravel in 
places. The À horizon generally is fine sandy loam or very 
fine sandy loam, but it ranges to sandy loam in a few 
places. The B horizon ranges from 25 to 50 inches in thick- 
ness and from dark brown to yellowish brown in color. 
It is mostly fine sandy loam, very fine sandy loam, or loam, 
but the lower part of the horizon is silt loam in some 
places. The IIIC horizon ranges from gravelly sand or 
sand to stratified sand and loam. 

Alvin soils are near Burkhardt and Lilah soils and are 
similar to Billett soils. They have few or no pebbles in the 
A and B horizons, whereas Burkhardt and Lilah soils con- 
tain large quantities. They have a thicker B horizon than 
Billett soils. 


Alvin fine sandy loam, 0 to З percent slopes (АУА)— 
This soil is on broad benches along major streams in 
the county. Long, narrow areas are on convex rises 
or knolls. They range from 2 to 20 acres in size. In- 


B3—37 


cluded in mapping are some soils that are less than 38 
inches deep over sand and gravel. 

The main limitation is a moderate hazard of drought- 
iness. Gently sloping areas have a slight hazard of ero- 
sion. Runoff is slow or medium. Most of it is absorbed 
because the infiltration rate is moderate, or it is drained 
to adjacent soils where the infiltration rate is mod- 
erately high or high. Natural fertility is low to me- 
dium. Controlling erosion, increasing soil fertility, and 
irrigating where feasible are the chief management 
needs. 

Most areas of this soil are used for crops, and some 
areas are pasture or woodland. Small areas north of 
Lake City are used for housing developments. Where 
the soil is used as a septic tank absorption field and 
the water table is below a depth of 20 feet, pollution 
of ground water is a hazard because the underlying 
material is rapidly permeable. Capability unit IIs-1; 
woodland group 3; community development group 3; 
outdoor recreation group 10. 


Ankeny Series 


The Ankeny series consists of nearly level to slightly 
undulating, well-drained soils on flood plains. These 
soils formed in alluvium. The native vegetation was 
mixed prairie and some deciduous forest. 

In a representative profile the surface layer is about 
36 inches thick. The upper 27 inches is very dark 
brown sandy loam, and the lower 9 inches is very dark 
grayish-brown loam. The subsoil is dark-brown, loose 
loamy sand about 24 inches thick. The underlying ma- 
terial is grayish-brown coarse sand. À water table is at 
a depth of 60 to 80 inches. 

Permeability is moderately rapid, and available 
water capacity is moderate. The content of organic 
matter is high. The content of available phosphorous 
is medium, and that of potassium is low. 

Most areas are used for crops or pasture and are 
better suited to these than to most other uses. The main 
limitations are moderate available water capacity and 
the hazard of flooding. 

Representative profile of Ankeny sandy loam, 0 to 
3 percent slopes, in a cultivated field about 70 feet 
north and 215 feet west of the southeast corner of 
sec. 36, T. 112 N., R. 18 W. 


Ap—0 to 12 inches, very dark brown (10YR 2/2) sandy 
loam; weak, very fine, granular structure; very 
friable; about 2 percent coarse fragments; neutral; 
abrupt, wavy boundary. 

À12—12 to 27 inches, very dark brown (10YR 2/2) sandy 
loam; weak, fine, subangular blocky structure; 
very friable; many, very fine and fine, tubular 
pores; about 3 percent coarse fragments; neutral; 
clear, wavy boundary. 

АЗ— 2" to 36 inches, very dark grayish-brown (10YR 3/2) 
loam; weak, fine, subangular blocky structure; 
friable; many, very fine and fine, tubular pores; 
about 7 percent coarse fragments; slightly acid; 
clear, wavy boundary. 

B2—36 to 60 inches, dark-brown (10YR 4/3) loamy sand; 
weak, coarse, subangular blocky structure; loose; 
about 7 percent coarse fragments; slightly acid; 
clear, wavy boundary. 

IIC—60 to 70 inches, grayish-brown (10YR 5/2) coarse 
Sand; single grained; loose; about 10 percent 
coarse fragments; mildly alkaline. 


The solum ranges from 36 to 70 inches in thickness. In a 
few places, the solum is as much as 10 percent gravel, but 
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most places have none. Depth to free carbonates ranges 
from 50 to 70 inches. The А horizon ranges from 25 to 40 
inches in thickness. It is typically sandy loam, fine sandy 
loam, or loam but ranges to silt loam. The B2 horizon 
ranges from 10 to 40 inches in thickness and from loamy 
sand to sandy loam or fine sandy loam in texture. À thin, 
yellowish-brown loamy sand or sand B3 horizon, as much 
as b inches thick, is in some places. The C horizon is loamy 
sand, coarse sand, sand, or silt loam. 

Ankeny soils are near Lawson and Zumbro soils. They 
contain less sand in the solum than Zumbro soils and 
more sand than Lawson soils. 


Ankeny sandy loam, 0 to З percent slopes (AxA).— 
This soil is in à pattern of slightly convex rises and 
swales and is on high bottoms along streams. Areas 
range from 2 to 100 acres in size, This soil is flooded 
by the less frequent, major floods. Included in mapping 
are some areas of poorly drained soils along the outer 
edge of flood plains. 

The main limitation is the hazard of flooding. Nat- 
ural runoff is slow and medium. Most of it is absorbed 
by infiltration, or it collects, briefly ponds, and then 
seeps away into the small, natural swales. The hazard 
of drought is moderate because available water ca- 
pacity is moderate. Some soil blowing is possible where 
broad areas are left exposed. Controlling erosion and 
maintaining fertility are the main management needs. 
Very little can be done to minimize the hazard of 
flooding. 

This soil is used for erops and some pasture. It is 
suited to most row crops grown in the country. Capa- 
bility unit IIs-1; woodland group 8; community devel- 
opment group 1; outdoor recreation group 2. 


Bellechester Series 


The Bellechester series consists of very steep, exces- 
sively drained soils on concave foot slopes below valley 
walls in mature, dissected terrain. These soils formed 
in sandy colluvium and sandstone residuum. The native 
vegetation was tall prairie grasses and, in some areas, 
redcedar and bur oak. 

In a representative profile the surface layer is very 
dark brown and very dark gray sand about 16 inches 
thick. The upper 7 inches of the subsoil is very dark 
gray and dark-brown, loose sand; the lower 19 inches 
is mainly yellowish-brown, loose sand. The underlying 
material is white, soft sandstone. À stone line of lime- 
stone or sandstone flags is at a depth of 28 inches. 

Permeability is rapid, and available water capacity 
is low. The content of organie matter is moderately 
low. The content of available phosphorus and potas- 
sium is low. 

Most areas are in pasture or forest. Most potential 
uses are limited by droughtiness. The main limitations 
are hazards of drought and erosion. 

Representative profile of Bellechester sand, 25 to 45 
percent slopes, 790 feet east and 330 feet south of the 
northwest corner of sec. 11, T. 112 N., R. 18 W. 


А1—0 to 7 inches, very dark brown (10YR 2/2) sand, dark 
gray (10YR 4/1) dry; single grained; loose; many 
roots; mildly alkaline; gradual, wavy boundary. 

АЗ—7 to 16 inches, very dark gray (10YR 3/1) sand, dark 
grayish brown (10YR 4/2) dry; single grained; 
loose; many roots; mildly alkaline; clear, irregu- 
lar boundary. 

B1—16 to 23 inches, very dark gray (10YR 3/1) and dark- 
brown (10YR 4/3) sand, dark grayish brown 


(10YR 4/2) rubbed; single grained; loose; com- 
mon roots; about 5 percent coarse fragments, 
mainly hard limestone channers; mildly alkaline; 
clear, irregular boundary. 

В2—23 to 28 inches, yellowish-brown (10YR 5/6) and dark 
grayish-brown (10YR 4/2) sand, dark yellowish 
brown (10YR 4/4) rubbed; single grained; loose; 
about 10 percent coarse fragments, mainly sand- 
stone and limestone flags; moderately alkaline; 
slightly effervescent; clear, wavy boundary. 

B3—28 to 42 inches, yellowish-brown (10YR 5/8) sand; 
Single grained; loose; stone line in upper part, and 
lower part about 10 percent coarse fragments, 
mainly sandstone and limestone flags; mildly alka- 
line; slightly effervescent; clear, wavy boundary. 

C—42 to 60 inches, white (10YR 8/1), soft sandstone. 


The solum ranges from 30 to 50 inches in thickness. In 
places free carbonates are at a depth of 20 to 40 inches. 
Depth to sandstone bedrock ranges from 40 to 70 inches. 
The solum ranges from 0 to 20 percent coarse fragments, 
which are commonly concentrated in a stone line in one 
or two horizons. 

The A horizon ranges from 12 to 24 inches in thickness 
and from sand to loamy fine sand in texture. The В1 
horizon ranges from 6 to 12 inches in thickness. The B 
horizon is typically sand, but it ranges to loamy sand or 
loamy fine sand in the upper part in some places. Except 
for some cemented layers, it is mainly single grained or 
has weak structure. It ranges from neutral to moderately 
alkaline. In some places a C horizon of loose, single grained 
sand or fine sand as much as 18 inches thick is immediately 
above the bedrock. 

Bellechester soils are near Brodale, Marlean, Sogn, and 
Peril soils, They contain more sand than any of those 
soils. 


Bellechester sand, 25 to 45 percent slopes (BaF) — 
This soil is on foot slopes and the lower part of valley 
walls. Slopes are smooth to concave and are 100 to 400 
feet long. This soil is typically downslope from areas 
of Brodale and Sogn soils. 

Included with this soil in mapping are areas of 
Brodale and Sogn soils on the steeper valley walls and 
some Terril soils adjacent to lower foot slopes. Also 
included are some similar soils that have bedrock at a 
depth of only 30 inches. 

Runoff is medium, and much of it is absorbed be- 
cause the rate of infiltration is high. This soil is sus- 
ceptible to gullying in areas that receive very rapid 
runoff. from the very steep soils on valley walls. The 
main management needed is the containment of excess 
runoff. 

This soil is poorly suited to pasture, because it is 
very droughty. It is better suited to trees, especially 
pine. Capability unit VIIs-1; woodland group 6; com- 
munity development group 7; outdoor recreation group 
12. 


Billett Series 


The Billett series consists of gently sloping to slop- 
ing, well-drained soils on side slopes and crests of nar- 
row uplands along valleys. These soils formed in sandy 
outwash and windblown sediment. The native vegeta- 
tion was deciduous hardwood forest. 

In a representative profile the surface layer is very 
dark grayish-brown sandy loam about 7 inches thick. 
The upper 13 inches of the subsoil is yellowish-brown, 
very friable sandy loam; the lower 14 inches is yellow- 
ish-brown, very friable loamy sand. The underlying 
material is yellowish-brown sand. 

Permeability is moderately rapid, and available 
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water eapacity is low and moderate. The content of 
organie matter is low. The content of available phos- 
phorus and potassium is low. 

Most areas are used for crops, pasture, or woodland. 
The main limitations are hazards of drought and ero- 
sion. 

Representative profile of Billett sandy loam, 2 to 6 
percent slopes, 165 feet north and 495 feet west of the 
southeast corner of ХЕМ ЗЕ, of sec. 11, T. 112 N., 
R. 17 W. 


Ар--0 to 7 inches, very dark grayish-brown (10YR 3/2) 
sandy loam, grayish brown (10YR 5/2) dry; weak, 
very fine, subangular blocky structure; very fri- 
able; neutral; abrupt, wavy boundary. 

B21t—7 to 12 inches, yellowish-brown (10YR 5/4) sandy 
loam; weak, fine, subangular blocky structure; 
very friable; slightly acid; abrupt, wavy boundary. 

B22t—12 to 20 inches, yellowish-brown (10YR 5/4) sandy 
loam; weak, fine, subangular blocky structure; 
very friable; few clay films; slightly acid; abrupt, 
wavy boundary. 

B23t—20 to 27 inches, yellowish-brown (10YR 5/6) loamy 
sand; weak, fine, subangular blocky structure; very 
friable; common, thin clay bridgings between sand 
grains; neutral; abrupt, wavy boundary. 

B3—27 to 34 inches, yellowish-brown (10YR 5/6) loamy 
sand; weak, medium, subangular blocky structure; 
very friable; common masses of loam till; about 
8 percent coarse fragments; neutral; clear, wavy 
boundary. 

C—34 to 60 inches, yellowish-brown (10YR 5/4) sand; 
single grained; loose; about 10 percent coarse 
fragments; few, very thin sandy loam bands; 
neutral. 


The solum ranges from 30 to 40 inches in thickness. 
Some places have an A2 horizon, as much as 8 inches 
thick, that ranges from dark grayish brown to grayish 
brown. The B2 horizon ranges from 15 to 25 inches in 
thickness. It is brown or yellowish brown. It is sandy 
loam or loam in the upper part and is loamy sand in the 
lower part. It ranges from neutral to strongly acid. The C 
horizon is fine sand or sand. Bedrock is at a depth of 5 
to 10 feet in most places; however, firm loam til is at 
this depth in some places. 

Billett soils are near Racine and Whalan soils and are 
similar to Alvin soils. They have less clay and more sand 
in their solum than those soils. Also, they have a coarser 
textured C horizon than Racine soils. They are not shallow 
over bedrock, and Whalan soils are. They have more 
medium-textured and coarser textured sand in the solum, 
have a thinner B horizon, and have a darker colored А 
horizon than Alvin soils. 


Billett sandy loam, 2 to 6 percent slopes (ВЬВ) — 
This soil is on low-lying convex knolls on upland ridges 
adjacent to the major river valleys in the county. The 
knolls are oval shaped and their sides range from 100 
to 300 feet in length. Areas range from 2 to 25 acres 
in size. This soil has the profile described as represen- 
tative of the series. 

Included with this soil in mapping are some areas of 
severely eroded soils and some Gotham soils, Also in- 
eluded are areas of soils that have loamy till in the 
lower part of the underlying material. 

Because available water capacity is low and mod- 
erate, the main limitation is droughtiness. This soil is 
subject to some soil blowing and water erosion in areas 
that lack sufficient vegetation. Surface runoff is slow 
or medium. Most of it is absorbed because the infil- 
tration rate is moderately high and permeability is 
moderately rapid. The main management needs are 
scheduling fieldwork and selecting early maturing crops 
that best utilize available water in the soil and the 


frequent seasonal rain. Fertility also needs to be main- 
tained. Some irrigation can be used where feasible. 

Most of this soil is used for crops, pasture, or wood- 
land. It is well suited to small grain, corn, and red 
clover. It is also suited to some shallow-rooted garden 
crops. Where the soil is used as a septic tank absorp- 
tion field and the water table is below a depth of 20 
feet, pollution of ground water is a hazard because the 
underlying material is rapidly permeable. Capability 
unit Ше-4; woodland group 3; community develop- 
ment group 3; outdoor recreation group 10. 

Billett sandy loam, 6 to 12 percent slopes (BbC).— 
This soil is on crests and sides of convex knolls on 
upland ridges. Slopes range from 100 to 300 feet in 
length. Areas range from 2 to 15 acres in size. Included 
in mapping are some areas of Gotham soils. 

The main limitation is the severe or moderate hazard 
of erosion. Surface runoff is medium. This soil is highly 
erodible, especially in deep cuts and where it is subject 
to surface runoff. It is subject to soil blowing in areas 
that lack sufficient vegetation. The hazard of drought 
is moderate because available water capacity is low 
to moderate. The main management needs are control- 
ling erosion and runoff, scheduling fieldwork, and se- 
lecting early maturing crops that best utilize available 
water in the soil and more frequent seasonal rain. 

This soil is used for crops, pasture, or woodland. It 
is suited to small grain, corn, and red clover. It is also 
suited to shallow-rooted garden crops that are well 
suited to sandy soils. Where the soil is used as a septic 
tank absorption field and the water table is below a 
depth of 20 feet, pollution of ground water is a hazard 
because the underlying material is rapidly permeable. 
Capability unit IVe-4; woodland group 3; community 
development group 3; outdoor recreation group 13. 


Biscay Series 


The Biscay series consists of nearly level to depres- 
sional, poorly drained soils on benches along major 
rivers. These soils formed in loamy over sandy or 
gravelly outwash material. The native vegetation was 
tall prairie grasses and sedges. 

In a representative profile the surface layer is black 
loam about 12 inches thick. The subsoil is dark-gray 
and gray, slightly sticky clay loam about 18 inches 
thiek. The underlying material is grayish-brown coarse 
sand and grayish-brown and yellowish-brown gravelly 
coarse sand. 

Permeability is moderate. Available water capacity 
is moderate in drained areas. The content of organic 
matter is high. The content of available phosphorus 
and potassium is low. These soils have a seasonal water 
table at а depth of 1 to 3 feet. 

Most areas are used for crops or pasture. Adequately 
drained areas are well suited to corn and soybeans. 
The main limitation is the hazard of wetness. 

Representative profile of Візсау loam, at junction 
of a township road and U.S. Highway 52, 65 feet north 
and 400 feet west of the southeast corner of SEM, sec. 
28, T. 110 N., В. 16 W. 


A11—0 to 8 inches, black (N 2/0) highly organic loam; 
weak, fine, subangular blocky structure; friable; 
many fine roots; mildly alkaline; abrupt, wavy 
boundary. 
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A12—8 to 12 inches, black (N 2/0) loam; weak, fine, 
granular structure; friable; mildly alkaline; clear, 
wavy boundary. 

B21g—12 to 17 inches, dark-gray (5Y 4/1) clay loam; 
weak, medium, subangular blocky structure; 
slightly sticky; few black (10YR 2/1) tongues; 
mildly alkaline; gradual, irregular boundary. 

B22g—17 to 26 inches, gray (БУ 5/1) clay loam; many, 
medium, distinct, olive (БУ 5/4) mottles and few, 
fine, prominent, yellowish-brown (10YR 5/6) mot- 
tles; weak, medium, subangular blocky structure; 
slightly sticky; about 10 percent gravel; mildly 
alkaline; clear, wavy boundary. 

B23g—26 to 30 inches, gray (5Y 5/1) clay loam; many, 
medium, distinct, olive (5Y 5/4) mottles and com- 
mon, fine, distinct, yellowish-brown (10YR 5/6) 
mottles; weak, medium, subangular blocky struc- 
ture; slightly sticky; about 12 percent gravel; 
mildly alkaline; abrupt, wavy boundary. 

IIC1—30 to 45 inches, grayish-brown (2.5Y 5/2) coarse 
sand; many large, distinct, yellowish-brown (10YR 
5/6) mottles; single grained; loose; mildly alka- 
line; clear, wavy boundary. 

IIC2—45 to 60 inches, mottled about 60 percent grayish- 
brown (2.5Y 5/2) and 40 percent yellowish-brown 
(10YR 5/6) gravelly coarse sand; single grained; 
loose; mildly alkaline; slightly effervescent. 


Thickness of the solum, or the depth to the IIC horizon, 
ranges from 26 to 48 inches. Depth to free carbonates 
generally ranges from 26 to 48 inches, but in some places, 
very small amounts of free carbonates are in the upper 
part of the À horizon. Reaction of the solum ranges from 
neutral to mildly alkaline. The A horizon is heavy loam, 
clay loam, or silty clay loam. А thin, very dark gray АЗ 
horizon occurs in some places. The B horizon ranges from 
dark gray to grayish brown or olive gray. It typically is 
loam or clay loam, but in some places it is silty clay loam. 
The IIC horizon is coarse sand, gravelly coarse sand, or 
stratified sand and gravel. 

Biscay soils are near Dickinson, Fairhaven, and Kegonsa 
Soils. They are poorly drained, and those soils are well 

rained. 


Biscay loam (0 to 2 percent slopes) (Bc)—This soil 
is in low-lying areas on broad benches along small 
Streams and major rivers. Areas range from 2 to 30 
acres in size. 

Included with this soil in mapping are some areas of 
soils that are shallower over sand and contain more 
sand. These areas are on the benches along the Cannon 
River. Also included are some areas of soils that are 
silty. 

The main limitation is the moderate to severe haz- 
ard of wetness. Ponding is a concern in areas where 
the water table is very high. Surface runoff is slow 
and is occasionally ponded. Much of it is absorbed be- 
cause infiltration is moderate and permeability is mod- 
erate in the upper part of this soil and is rapid in the 
underlying material. A seasonal water table is at a 
depth of 20 to 40 inches. The main management need 
is artificial drainage. Many areas have been drained. 
Because available water capacity is moderate, this soil 
can be overdrained or the water table can be lowered 
too far and the soil becomes droughty. 

Most of the acreage is used for crops. Adequately 
drained areas are well suited to corn and soybeans. 
Capability unit ITw—1; woodland group 9; community 
development group 2; outdoor recreation group 3. 


Bold Series 


The Bold series consists of moderately steep to very 
Steep, well-drained soils that formed in loess. These 


soils are on the more dissected uplands. The native 
vegetation was deciduous hardwoods. These soils are 
mapped only with Timula soils. 

In a representative profile the surface layer is dark 
grayish-brown silt loam about 6 inches thick. The un- 
derlying material is dark-brown and olive, very friable 
silt loam that is many feet thick. | 

Permeability is moderate, and available water ca- 
pacity is very high. The content of organic matter is 
low. The content of available phosphorus and potas- 
sium is low. 

Most areas are used for crops, pasture, or woodland. 
The main limitation is the hazard of erosion. These 
soils are well suited to alfalfa-brome hay, and they are 
also well suited to pasture or woodland. 

Representative profile of Bold silt loam in an area of 
Timula-Bold silt loams, 12 to 25 percent slopes, in a 
cultivated field 330 feet north and 680 feet west of the 
southeast corner of ХЕМ, sec. 32, T. 112 N., R. 16 W. 


Ар--0 to 6 inches, dark grayish-brown (10YR 4/2) silt 
loam; weak, fine, granular structure; very friable; 
moderately alkaline; slightly effervescent; abrupt, 
wavy boundary. 

C1—6 to 11 inches, dark-brown (10YR 4/3) silt loam; mas- 
sive; very friable; moderately alkaline; strongly 
effervescent; gradual, wavy boundary. 

02-11 to 70 inches, olive (5Y 5/4) silt loam; massive; 
very friable; moderately alkaline; strongly effer- 
vescent. 


The A horizon ranges from dark grayish brown to dark 
brown. The C horizon ranges from dark brown or brown 
to olive brown or olive. 

Bold soils are mapped only with Timula soils. They have 
free lime in all parts of the profile, whereas Timula soils 
do not have free lime in the A and B horizons. 


Bremer Series 


The Bremer series consists of level to slightly depres- 
sional, very poorly drained soils on flood plains. These 
soils formed in alluvium. The native vegetation was 
tall prairie grasses and sedges. 

In a representative profile the surface layer is black 
silty clay loam about 15 inches thick. The upper 20 
inches of the subsoil is very dark gray and dark-gray, 
firm silty clay loam, and the lower 6 inches is gray, 
firm silty clay. The underlying material is gray silt 
oam. 

Permeability is moderately slow, and available wa- 
ter capacity is very high. The content of organic mat- 
ter is high. The content of available phosphorus is 
medium, and that of potassium is low. A water table 
is at a depth of 1 foot to 4 feet. 

Most areas are in pasture. Some drained areas are 
used for erops. The main limitations are hazards of 
flooding and wetness. 

Representative profile of Bremer silty clay loam, 
wet, in a cultivated field 330 feet east and 165 feet 
north of the southwest corner of NWIANWHAA, sec. 18, 
T. 111 М. R. 17 W. 


۸11-0 to 8 inches, black (10YR 2/1) silty clay loam; 
weak to moderate, fine, granular structure; fri- 
able; neutral; abrupt, wavy boundary. 

A12—8 to 15 inches, black (N 2/0) silty clay loam; 
moderate, very fine, granular structure; friable; 
slightly acid; abrupt, wavy boundary. 

B21tg—15 to 27 inches, very dark gray (10YR 3/1) silty 
clay loam, black coatings on faces of peds; mod- 
erate to strong, very fine, granular and sub- 
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angular blocky structure; firm; many, very fine 
and fine, tubular pores; continuous thin clay films 
on faces of peds; slightly acid; abrupt, wavy 
boundary. 

B22tg—27 to 35 inches, dark-gray (10YR 4/1) silty clay 
loam, very dark gray coatings on faces of peds; 
strong, very fine, angular blocky structure; firm; 
many, very fine and fine, tubular pores; thin con- 
tinuous clay films and common fine sand grains on 
faces of peds; slightly acid; clear, wavy boundary. 

B23tg—35 to 41 inches, gray (10YR 5/1) silty clay, dark- 
gray (10YR 4/1) coatings on faces of peds; com- 
mon, fine, prominent, dark yellowish-brown (10YR 
4/4) mottles; strong, fine and medium, angular 
blocky structure; firm; slightly acid; abrupt, wavy 
boundary. 

Cg—41 to 60 inches, gray (БҮ 5/1) silt loam; many, coarse, 
prominent, yellowish-brown (10YR 5/8) mottles; 
massive; friable; neutral. 


The solum ranges from 40 to 60 inches in thickness. 
The А horizon ranges from 15 to 20 inches in thickness 
and from black to very dark gray in color. It is silty clay 
loam or silt loam. Clay films in the B horizon are con- 
tinuous or discontinuous. The C horizon is mostly silt loam 
or silty clay loam, but in some places, it has strata of 
coarser textured material. 

Bremer soils are near Lawson soils and are similar to 
Colo soils. They have a thinner A horizon than Colo soils 
and are wetter and contain more clay than Lawson soils. 


Bremer silty clay loam, wet (0 to 2 percent slopes) 
(Bm).—This soil is at the outer edge of flood plains and 
in adjoining areas at higher elevations along broad 
streams or rivers. Áreas range from 5 to 200 acres in 
size. Included in mapping are areas of shallow Marsh, 
Alluvial land, and Orion soils. 

Surface runoff is slow, and water is ponded for vari- 
able periods. The main limitations are hazards of flood- 
ing and wetness. These limitations are severe to 
moderate and mainly limit this soil to use for perma- 
nent pasture or hay. Some areas along the Little 
Cannon River are extensively cropped. The main man- 
agement need is internal drainage and some control of 
flooding where possible. 

Adequately drained areas of this soil are well suited 
to corn and soybeans. Capability unit IITw—3; woodland 
group 9; community development group 1; outdoor 
recreation group 3. 


Brodale Series 


The Brodale series consists of steep and very steep, 
excessively drained soils on south-facing and west- 
facing convex sides of valley walls in mature, dissected 
terrain. These soils formed in colluvium and residuum 
from limestone bedrock. The native vegetation was 
mid and tall prairie grasses. 

In a representative profile the surface layer is very 
dark brown flaggy loam about 6 inches thick. The 
subsoil is yellowish-brown, friable flaggy very fine 
sandy loam about 4 inches thick, The underlying ma- 
terial is yellowish-brown, friable flaggy very fine sandy 
loam. Limestone bedrock is at a depth of about 50 
inches. 

Permeability is moderate, and available water ca- 
pacity is low. The content of organic matter is high. 
The content of available phosphorus and potassium is 
low. 

Most areas are in pasture or are idle. The main 
limitations are hazards of erosion and drought. 


Representative profile of Brodale flaggy loam in an 
area of Brodale-Sogn flaggy loams, very steep, 1,160 
feet east and 132 feet south of the northwest corner 
of sec. 22, T. 112 N., R. 14 W. 


Al—0 to 6 inches, very dark brown (10ҮЕ 2/2) flaggy loam: 
weak, fine, granular structure; friable; common 
roots; many very fine to medium pores; about 45 
percent rock fragments, mainly flagstones, and 
about 15 percent stones and a few channers; 
moderately alkaline; strongly effervescent; abrupt, 
wavy boundary. 

B2—6 to 10 inches, yellowish-brown (10YR 5/4) flaggy 
very fine sandy loam; massive; friable; about 40. 
percent rock fragments, mainly flagstones, and 
about 15 percent stones and a few channers; many 
coatings of lime ranging from 2 to 5 millimeters 
in thickness on undersides of coarse fragments; 
common roots; moderately alkaline; strongly effer- 
vescent; clear, wavy boundary. 

C—10 to 50 inches, yellowish-brown (10YR 5/6) flaggy very 
fine sandy loam; massive; friable; about 50 percent 
coarse fragments, mainly flagstones, and about 20 
percent stones and a few channers; moderately al- 
kaline; strongly effervescent; abrupt, smooth 
boundary. 

R—50 inches +, limestone bedrock. 

The solum ranges from 8 to 20 inches in thickness. Depth 
to bedrock ranges from 50 to 80 inches or more. Free car- 
bonates are throughout the profile, and reaction ranges from 
mildly alkaline to moderately alkaline. The solum typically 
ranges from 40 to 70 percent flagstones or fragments, In 
some places, the coarse fragments are mainly pebbles, cob- 
blestones, or stones. The fine earth is sandy loam, fine sandy 
loam, very fine sandy loam, loam, or silt loam. In places 
loamy sand or loamy coarse sand is in some horizons. 

The Al horizon ranges from black to very dark grayish 
brown and has weak or moderate granular structure. The B 
horizon ranges from dark brown to yellowish brown. It is 
massive or has weak, subangular blocky structure. The C 
horizon is brown or yellowish brown. 

Brodale soils are near Bellechester and Sogn soils. They 
have more coarse fragments and less sand than Bellechester 
soils. They are deeper over bedrock than Sogn soils. 


Brodale-Sogn flaggy loams, steep (25 to 40 percent 
slopes) (BoE].— These soils are on sides of entrenched 
valleys that are upstream from major rivers. They are 
on the upper part of convex, south-facing and west- 
facing sides. Brodale soils make up about 50 percent 
of this unit and Sogn soils about 40 percent. The 
Brodale soil is below the Sogn soil (fig. 5). Elevations 
range from 75 to 200 feet. Included in mapping are 
some areas of Alluvial land, sloping, and some outcrops 
of bedrock. The bedrock is of the Shakopee, Plattsville, 
and Galena Formations. 

Runoff is very rapid, and it sometimes causes gully- 
ing in adjoining, lower lying soils. The main manage- 
ment needs are reducing the rate of runoff and 
limiting excessive traffic and grazing. Reducing the 
rate of runoff also helps recharge ground water reser- 
voirs in the underlying rock strata. 

Because slopes are steep and available water capacity 
is low, these soils are suited to native grassland. Capa- 
bility unit УПз-2; woodland group 6; community de- 
velopment group 7; outdoor recreation group 12. 

Brodale-Sogn flaggy loams, very steep (35 to 80 per- 
cent slopes) (BoF}—-These soils are on the sides of 
deeply entrenched valleys along major rivers. They 
are on the upper parts of convex south-facing and 
west-facing sides. Brodale soils make up about 50 per- 
cent of this unit and Sogn soils about 30 percent. The 
Brodalé soil is on the lower part of the valley sides, 
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Figure 5.—Typical landscape of Brodale-Sogn flaggy loams, steep, shows warm-season vegetation and bedrock outcroppings. 


and the Sogn soil is on the upper part. Elevations 
range from 200 to 400 feet. 

Included with these soils in mapping are some areas 
of Alluvial land, sloping, on lower foot slopes and some 
outerops of bedrock on valley walls. The bedrock 
mainly is of the Oneota, Shakopee, Platteville, and 
Galena Formations. 

Runoff is very rapid and is of very high velocity 
in drainageways. Some of the runoff causes gullies in 
adjoining soils along lower slopes. The main manage- 
ment need is reducing the rate of runoff by excluding 
grazing and excessive traffic. Reducing the rate of 
runoff also helps recharge ground water reservoirs 
in the underlying rock strata. 

Because slopes are steep and available water capacity 
is low, these soils are suited to native grassland. Capa- 
bility unit VIIIs-1; woodland group 6; community 
development group 7; outdoor recreation group 12. 


Burkhardt Series 


The Burkhardt series consists of nearly level, some- 
what excessively drained soils on smooth or plane river 
benches. These soils formed in glacial outwash. The 
native vegetation was tall prairie grasses. 

In a representative profile the surface layer is very 
dark brown loam about 10 inches thick. The subsoil 
is dark-brown, friable loam about 6 inches thick. The 


underlying material is dark-brown and grayish-brown 
stratified sand and gravel (fig. 6). | 

Permeability is moderately rapid, апа available wa- 
ter capacity is low. The content of organic matter is 
moderate. The content of available phosphorus and 
potassium is low. 

Most areas are used for crops, woodland, or pasture. 
Some are used as sites for housing or as a source of 
gravel. The main limitation is the hazard of drought. 

Representative profile of Burkhardt loam, 0 to 3 
percent slopes, 70 feet south of road, 1,980 feet east 
of west edge of section, along west edge of gravel pits 
in the NEI4SWI, sec. 24, T. 112 N., R. 18 W. 

Ар—0 to 10 inches, very dark brown (10YR 2/2) loam, 
black (10YR 2/1) coatings on faces of peds; mod- 
erate, very fine, granular structure; very friable; 
about 15 percent gravel; neutral; clear, wavy 
boundary. | 

В2--10 to 16 inches, dark-brown (7.5YR 3/2) loam; moder- 
ate, medium, granular structure; friable; about 15 
percent gravel; neutral; clear, wavy boundary. 

IIC1—16 to 35 inches, dark-brown (7.5YR 3/2) stratified 
sand and gravel; single grained; loose; neutral; 
clear, wavy boundary. 

11C2— 35 to 70 inches, grayish-brown (10YR 5/2) stratified 
coarse sand and fine gravel; single grained; mildly 
alkaline. 

The solum ranges from 12 to 24 inches in thickness. Depth 
to carbonates ranges from 55 to 80 inches. The A horizon 
is very dark brown or very dark grayish brown loam or 
sandy loam. It ranges from 0 to 20 percent gravel. The B2 
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Figure 6.—Profile of Burkhardt loam. Scale is in feet. 


horizon ranges from dark brown to brown loam or sandy 
loam. It ranges from 5 to 20 percent gravel. The IIC horizon 
is stratified sand and gravel or gravelly coarse sand. The 
JIC1 horizon ranges from dark brown to brown. 

Burkhardt soils are near Alvin and Lilah soils and are 
similar to Estherville soils. They do not have the appreciable 
amount of translocated clay in the B horizon that Alvin and 
Lilah soils do. They are deeper over free carbonates than 
Estherville soils. 


Burkhardt loam, 0 to З percent slopes (BrA).—This 
soil is on broad benches along major streams. In some 
areas it occupies the entire width of these benches. In 
others it adjoins areas of Dakota and Lilah soils and 
Salida soils оп escarpments. Areas range from 2 to 
10 acres in size. Included in mapping are areas of Lilah 
soils and some areas of gently sloping Burkhardt soils. 

The main limitation is the low available water ca- 
pacity and the moderate hazard of drought. The hazard 
of soil blowing is moderate. Runoff is slow. Most of it 
is absorbed because the infiltration rate is moderately 
high and permeability is moderately rapid. Natural 
fertility is low. The main management needs are con- 
trolling erosion, maintaining fertility, and irrigating 
where feasible. 

This soil is used for crops and some pasture or wood- 
land. Some areas that are being developed for housing 
north of Lake City are used as sources of sand and 
gravel. Where the soil is used as a septic tank absorp- 


tion field, pollution of ground water is a hazard because 
the underlying material is rapidly permeable. Capa- 
bility unit IIIs-1; woodland group 4; community de- 
velopment group 3; outdoor recreation group 11. 


Canisteo Series 


The Canisteo series consists of nearly level, poorly 
drained soils on broad uplands adjacent to smaller 
drainageways. These soils formed in loess and glacial 
till. The native vegetation was wet prairie grasses and 
sedges. 

In a representative profile the surface layer is very 
dark gray silty clay loam about 10 inches thick. The 
subsoil is dark-gray to light olive-gray, slightly sticky 
silty clay loam and silt loam about 19 inches thick. 
The underlying material is grayish-brown and yellow- 
ish-brown sandy loam and loam. 

Permeability is moderate, and available water са- 
pacity is high. The content of organic matter is high. 
The content of available phosphorus and potassium is 
low. A seasonal water table is at a depth of 2 to 4 feet. 

Most areas are used for crops or pasture, for which 
the soils are better suited than for most other uses. The 
main limitation is the hazard of wetness. 

Representative profile of Canisteo silty clay loam, 
285 feet east and 1,260 feet north of the southwest 
corner of sec. 26, T. 109 N., R. 18 W. 


Ap—0 to 10 inches, very dark gray (10YR 3/1) silty clay 
loam; weak, very fine, granular structure; friable; 
about 2 percent coarse fragments; mildly alkaline; 
slightly effervescent; abrupt, wavy boundary. 

Вір--10 to 14 inches, dark-gray (БҮ 4/1) silty clay loam, 
common black (10YR 2/1) tubular fillings; weak, 
coarse, subangular blocky structure parting to mod- 
erate, very fine, subangular blocky; slightly sticky; 
about 2 percent coarse fragments; mildly alkaline; 
slightly effervescent; clear, wavy boundary. 

B21g—14 to 18 inches, olive-gray (5Y 5/2) silty clay loam; 
weak, coarse, subangular blocky structure parting 
to moderate, very fine, subangular blocky; slightly 
Sticky; few very fine, fine, and medium, tubular 
pores; few, fine, dark-colored soft masses; mildly 
alkaline; slightly effervescent; clear, wavy bound- 


ary. 

B22g—18 to 23 inches, light olive-gray (5Y 6/2) silt loam; 
few, fine, prominent, yellowish-brown (10YR 5/6) 
mottles; weak, very fine, subangular blocky struc- 
ture; slightly sticky; mildly alkaline; slightly effer- 
vescent; clear, wavy boundary. 

B23g—23 to 29 inches, light olive-gray (БҮ 6/2) silt loam; 
common, fine, prominent, yellowish-brown ОУК 
5/6) mottles; weak, fine, subangular blocky struc- 
ture; slightly sticky; few, medium, soft masses of 
segregated lime; mildly alkaline; slightly efferves- 
cent; abrupt, wavy boundary. 

IIC1—29 to 50 inches, grayish-brown (10YR 5/2) sandy 
loam; many, coarse, faint, brown (10YR 5/3) mot- 
tles; weak, eoarse, subangular blocky structure; 
very friable; about 15 percent coarse fragments; 
mildly alkaline; slightly effervescent; abrupt, wavy 
boundary. 

IIC2—50 to 60 inches, yellowish-brown (10YR 5/4) loam; 
many, coarse, distinct, gray (БҮ 5/1) mottles; mas- 
Sive; firm; about 4 percent coarse fragments; 
mildly alkaline; slightly effervescent. 


The solum and silty mantle range from 25 to 30 inches 
in thickness. Depth to firm till ranges from 30 to 50 inches. 
The А horizon ranges from 10 to 15 inches in thickness. It is 
black or very dark gray silt loam or silty clay loam. The 
ТІСІ horizon ranges from 2 to 25 inches in thickness. It is 
loam or sandy loam and is 5 to 25 percent coarse fragments. 
The IIC2 horizon is 2 to 8 percent coarse fragments. 
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Canisteo soils are near Maxfield and Klinger soils. They 
have a high content of lime throughout the solum, whereas 
Maxfield and Klinger soils do not contain lime. 

Canisteo silty clay loam (0 to 2 percent slopes) (Са). 
—tThis soil is on the rims of slightly elevated mounds 
around shallow depressions in drainageways of the 
broad, glaciated uplands. The surface layer of this soil 
appears lighter and grayer than that of adjoining Max- 
field soils. Areas range from 2 to 20 acres in size. 

The main limitations are the hazard of wetness and 
the reduced fertility caused by mild alkalinity. The 
main management needs are internal drainage and 
maintenance of fertility. Surface runoff is slow. 

This soil is used for pasture or crops. If drainage is 
improved and fertility is maintained, it is well suited 
to corn and soybeans. Capability unit IIw-1 ; woodland 
group 9; community development group 2; outdoor 
recreation group 3. 


Chaseburg Series 

The Chaseburg series consists of nearly level to 
gently sloping, well-drained soils in narrow, smooth, 
entrenched drainageways on loess-covered uplands. The 
soils formed in recent alluvium. The native vegetation 
was bluegrasses. 

In a representative profile the surface layer is very 
dark grayish-brown silt loam about 11 inches thick. 
The underlying materialis stratified, very dark gray- 
ish-brown, grayish-brown, very dark gray, and black, 
friable silt loam. 

Permeability is moderate, and available water ca- 
pacity is very high. The content of organic matter is 
moderate. The content of available phosphorus and 
potassium is medium. 

Most areas are used for pasture and crops, for which 
the soils are better suited than for most other uses. 
The main limitation is the hazard of flooding. 

Representative profile of Chaseburg silt loam, 0 to 3 
percent slopes, 50 feet west and 100 feet north of the 
southeast corner of SW14 sec. 28, T. 111 N., В. 15 W. 


А1—0 to 11 inches, very dark grayish-brown (10YR 3/2) 
silt loam; common, thin strata of dark grayish 
brown (10YR 4/2); weak, very thin, platy struc- 
ture; very friable; neutral; abrupt, wavy boundary. 

C1—11 to 24 inches, very dark grayish-brown (10YR 3/2) 
silt loam; common, thin strata of grayish brown 
(10YR 5/2); moderate, medium, platy structure; 
friable; few, fine, tubular pores; neutral; clear, 
wavy boundary. 

C2—24 to 41 inches, very dark grayish-brown (10YR 3/2) 
silt loam; common, thin strata of grayish brown 
(10YR 5/2) ; moderate, thick, platy structure part- 
ing to moderate, fine, subangular blocky; friable; 
common, very fine and fine, tubular pores; neutral; 
gradual, wavy boundary. 

C3—41 to 54 inches, very dark grayish-brown (10YR 3/2) 
silt loam; common, thin strata of grayish brown 
(10YR 5/2); coatings of very dark gray (10YR 
3/1) on faces of peds; moderate, thick, platy struc- 
ture parting to moderate, medium, subangular 
blocky; friable; neutral; abrupt, wavy boundary. 

C4—54 to 66 inches, very dark gray (10YR 3/1) silt loam; 
common to many strata of grayish brown (10YR 
5/2); many, fine, faint, dark-brown (10YR 4/3) 
mottles; weak to moderate, medium, platy structure 
parting to moderate, medium, subangular blocky; 
friable; neutral; abrupt, wavy boundary. 

Alb—66 to 74 inches, black (10YR 2/1) silt loam that is 
high in content of sand; moderate, medium, gran- 
ular structure; friable; neutral. 

The А1 horizon is mainly very dark grayish brown or 
dark grayish brown, but lighter colored strata are in this 


horizon. It is mainly silt loam, but is stratified with loamy 
fine sand or fine sandy loam in most places. The Al horizon 
is 4 to 14 inches thick and is neutral to mildly alkaline, The 
C horizon is mainly very dark grayish brown, dark grayish 
brown, or dark gray, but is stratified with lighter colored 
material in places. The C horizon is dominantly silt loam, 
but is stratified with fine sandy loam or loamy fine sand in 
some places. An Ab horizon, or buried soil, underlies the C 
horizon at a depth of 40 to 70 inches or more. It is stratified 
sandy to gravelly sediment. 

_Chaseburg soils are near Orion and Seaton soils and are 
similar to McPaul soils. They are better drained than Orion 
soils. Their profile is not so defined as that of Seaton soils. 
They do not have free carbonates in the A and C horizons, 
whereas McPaul soils do. 

Chaseburg silt loam, 0 to 3 percent slopes (ChA).— 
This soil is in long, narrow drainageways in the loess- 
covered uplands and in the flood plains along the nar- 
row upper reaches of major river valleys. Areas range 
from 50 to 300 feet in width; the width is generally 
defined by more sloping soils along the outer edges. 
Drainageways or watershed areas above this soil range 
from 40 acres to as much as 10 square miles in size. 
Flooding is frequent, follows most heavy showers, is of 
brief duration, and leaves varying amounts of sediment. 

Included with this soil in mapping are some areas of 
Orion soils that are near some of the seepy hillsides. 
Also included are areas of Alluvial land, sloping, along 
the lower reaches of major drainageways. 

The main limitations are the hazards of flooding and 
erosion in areas that have unstable channels and 
active gullies. The main management need is to main- 
tain and improve these areas for waterway use. 

This soil is suited to some pasture and erops where 
runoff waters can be contained in waterways. Capa- 
bility unit IIw-3; woodland group 7; community de- 
velopment group 1; outdoor recreation group 1. 


Colo Series 


The Colo series consists of nearly level, poorly 
drained soils on flood plains along most narrow stream 
drainageways. These soils formed in alluvium. The 
native vegetation was water-tolerant grasses. 

In a representative profile the surface layer is black 
and very dark gray silty clay loam about 42 inches 
thick. The subsoil is dark-gray, firm silty clay loam 
about 7 inches thick. The underlying material is olive- 
gray silty clay loam. 

Permeability is moderately slow, and available water 
capacity is very high. The content of organic matter is 
high. The content of available phosphorus is medium, 
and that of potassium is low. À water table is at a depth 
of 1 foot to 3 feet. 

Most areas are used for crops or pasture, These soils 
are better suited to such uses than to most others. The 
main limitations are hazards of flooding and wetness. 

Representative profile of Colo silty clay loam, 395 
feet south and 330 feet west of the northeast corner 
of SEIASEL, sec. 5, Т. 109 N., В. 18 W. 


А11—0 to 9 inches, black (10YR 2/1) silty clay loam; mod- 
erate, very fine and fine, granular structure; fri- 
able; neutral; abrupt, wavy boundary. 

А12— 9 to 20 inches, black (10YR 2/1) silty clay loam; mod- 
erate, fine, subangular blocky structure parting to 
moderate, fine, granular; friable; many, very fine 
and fine, tubular pores; neutral; clear, wavy bound- 
ary. 
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А18--20 to 30 inches, blaek (N 2/0) silty clay loam high in 
content of organic matter; weak, very fine, gran- 
ular structure; very friable; many very fine, fine, 
and medium pores; neutral; clear, wavy boundary. 

А14--30 to 35 inches, Маск (10YR 2/1) silty clay loam; 
moderate, fine, granular structure; friable; neutral; 
gradual, wavy boundary. 

A3-—35 to 42 inches, very dark gray (10YR 3/1) silty clay 
loam; moderate, fine, subangular blocky structure; 
friable; neutral; gradual, wavy boundary. 

B2g—42 to 49 inches, dark-gray (5Y 4/1) silty clay loam; 
continuous, very dark gray (10YR 3/1) coatings оп 
faces of peds and few, fine, faint, yellowish-brown 
(10YR 5/4) mottles; weak, fine, prismatic struc- 
ture parting to moderate, fine, subangular blocky; 
firm; neutral; gradual, wavy boundary. 

Cg—49 to 60 inches, olive-gray (5Y 5/2) silty clay loam; 
common, medium, distinct, olive (5Y 4/4) mottles; 
very dark gray (10YR 3/1) coatings on faces of 
some peds; weak, medium, subangular blocky struc- 
ture; slightly sticky; mildly alkaline. 


The solum ranges from 36 to 54 inches in thickness. Depth 
to carbonates ranges from 40 to 70 inches. The A horizon 
ranges from 25 to 50 inches in thickness. It is silty clay loam 
or heavy silt loam. Content of organic matter in the À hori- 
zon typically is high but ranges to very high. The B2g hori- 
zon typically is silt loam or silty clay loam, but ranges to clay 
loam. The C horizon typically is silty clay loam or silt loam, 
but contains coarser textured layers in some places. 

Colo soils are near Maxfield soils and Orion soils and are 
similar to Bremer soils. They have a thicker À horizon than 
Maxfield soils. They contain more clay and less silt than 
Orion soils. They do not contain translocated clay in the B 
horizon, but Bremer soils have appreciable amounts in the 
B horizon. 

Colo silty clay loam (0 to 2 percent slopes) (Со).-— 
This smooth to somewhat hummocky soil is on narrow 
flood plains, mostly in the upper reaches of upland 
drainageways. Drainageways range from 50 to 300 
feet in width. This soil is near more sloping soils and 
Maxfield and Garwin soils in depressions and upland 
drainageways. Flooding is frequent and of short dura- 
tion. It oceurs after most heavy showers and during 
spring snowmelt. Areas of this soil that are on broad 
flood plains along major rivers are less frequently 
flooded. Small creeks or springs commonly begin in 
areas of this soil. Included in mapping are some areas 
of Maxfield and Garwin soils in the upper reaches and 
some areas of Orion soils, which are near soils that 
formed in thick loess. 

The main limitations are the hazards of flooding and 
wetness. The main management needs are installing 
drainage where feasible and containing floods. 

This soil is used for crops and pasture. Most areas 
are well suited to pasture. Areas on broad flood plains 
where flooding is less frequent and the water table is 
below a depth of 30 inches are well suited to corn and 
soybeans. Capability unit IITw-—3; woodland group 9; 
community development group 1; outdoor recreation 
group 1. | 


Copaston Series 


The Copaston series consists of nearly level to steep, 
well-drained soils on erests and sides of narrow upland 
ridges along major stream valleys. These soils formed 
in loamy sediment underlain by bedrock. The native 
vegetation was tall prairie grasses. 

In a representative profile the surface layer is very 
dark grayish-brown loam about 6 inches thick. The sub- 
soil is dark yellowish-brown and dark-brown, friable 


loam about 10 inches thick. The underlying material 
is hard limestone bedrock. 

Permeability is moderate, and available water ca- 
pacity is low. The content of organic matter is mod- 
erate. 'The content of available phosphorus and 
potassium is low. 

Most areas are used for pasture, forest, or crops. 
The soils are better suited to forest or pasture than to 
crops. The main limitations are hazards of drought 
and erosion, 

Representative profile of Copaston loam, 1 to 6 per- 
cent slopes, in a pasture 530 feet west and 300 feet 
M | M northeast corner of NW14 sec. 33, T. 112 


А1—0 to 6 inches, very dark grayish-brown (10YR 3/2) 
loam; weak, very fine, granular structure; friable; 
about 2 percent coarse fragments; many roots; 
medium acid; abrupt, wavy boundary. 

B21—6 to 12 inches, dark yellowish-brown (10YR 4/4) 
loam; dark-brown (10YR 4/3) coatings on faces 
of peds; weak, medium, subangular blocky struc- 
ture; friable; about 2 percent coarse fragments; 
many roots; common, very dark gray (10YR 3/1), 
tubular fillings; slightly acid; clear, wavy bound- 
ary. 

B22—12 to 16 inches, dark-brown (10YR 4/3) and dark 
yellowish-brown (10YR 4/4) loam; weak, medium, 
prismatie structure; friable; about 2 percent coarse 
fragments; neutral; abrupt, wavy boundary. 

IIR—16 inches, limestone bedrock. 


Thickness of the solum, or the depth to bedrock, ranges 
from 12 to 20 inches. The solum typically ranges from 0 to 
15 percent coarse fragments. The A horizon is very dark 
grayish-brown, very dark brown, or dark-brown loam, sandy 
loam, or silt loam. The B horizon is loam, fine sandy loam, 
or sandy loam. 

The Copaston moderately deep soils are 20 to 40 inches 
deep over bedrock, which is deeper than is defined as the 
range for the series. Available water capacity is moderate. 
Therefore, these soils are better suited to cultivated crops 
than the shallower Copaston soils. 


Copaston soils are near Sogn soils. They do not have free 
carbonates; whereas Sogn soils have free carbonates through- 
out. 


Copaston loam, 1 to 6 percent slopes (CvB).—This 
soil is on crests of narrow upland ridges that are ad- 
jacent to stream valleys. Areas range from 2 to 20 
acres in size. This soil has the profile described as 
representative of the series. Included in mapping are 
some areas of moderately deep Copaston soils. 

Because available water capacity is low, the main 
limitation is the severe hazard of drought. The hazard 
of erosion is moderate. Surface runoff is medium. The 
main management need is to control erosion and runoff 
by soil conserving practices or permanent vegetation. 

This soil is used for pasture, woodland, and crops. 
It is well suited to pasture or woodland. It is suited to 
small grain and is poorly suited to row crops. Where 
septic tank absorption fields are planned, the pollution 
of ground water in the underlying bedrock is a hazard. 
Capability unit IIIe-3; woodland group 3; community 
development group 4; outdoor recreation group 7. 

Copaston loam, 6 to 12 percent slopes, eroded (CvC2). 
—This soil is on sides of narrow upland ridges that are 
adjacent to stream valleys. Areas range from 2 to 15 
acres in size. Included in mapping are some areas of 
Sogn soils. Also included are some soils that are similar 
b Copaston soils but contain more pebbles and cobble- 
stones. 
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The hazards of further erosion and drought are se- 
vere. Surface runoff is medium. The main management 
needs are to control erosion and runoff by permanent 
vegetation or soil conserving practices. 

This soil is used for pasture, woodland, and crops. 
It is well suited to pasture or woodland. Very close con- 
trol of grazing is required because runoff and erosion 
are excessive. This soil is poorly suited to сгорз. Where 
septic tank absorption fields are planned, the pollution 
of ground water in the underlying bedrock is a hazard. 
Capability unit IVe-3; woodland suitability group 3; 
community development group 4; outdoor recreation 
group 8. 

Copaston loam, moderately deep, 0 to 6 percent 
slopes (CwB)—This soil is on parts of stream benches 
that are underlain by bedrock and on some crests of 
narrow upland ridges. Areas range from 2 to 60 acres 
in size. This soil has a profile similar to the one de- 
scribed as representative of the series, but it is under- 
lain by bedrock at a depth of 20 to 40 inches. Included 
in mapping are areas of soils that are more than 40 
inches deep over bedrock. 

Because available water capacity is moderate, the 
main limitation is the moderate hazard of drought. 
Surface runoff is medium. Some areas of this soil on 
stream benches are subject to soil blowing. The main 
management need is to schedule field work to best utilize 
seasonal rainfall and the available water in the soil. 

Most of the acreage is used for crops or pasture, and 
the soil is suited to this use. Where septic tank absorp- 
tion fields are planned, pollution is a possible hazard. 
Capability unit IIe-2; woodland group 3; community 
development group 4; outdoor recreation group 7. 

Copaston loam, moderately deep, 6 to 12 percent 
slopes, eroded (CwC2).—-This soil is on sides of narrow 
upland ridges and stream benches. Slopes range from 
50 to 200 feet in length. Areas range from 2 to 15 acres 
in size. This soil has a profile similar to the one de- 
scribed as representative of the series, but it is under- 
lain by bedrock at a depth of 20 to 40 inches. Also, 
part of the surface layer has been lost through erosion 
and the subsoil is partly mixed into the surface layer. 
Included in mapping are some areas of Copaston soils 
that are less than 20 inches deep over bedrock. 

The main limitations are moderate hazards of further 
erosion and drought. Surface runoff is medium. Erosion 
is most severe in areas that lack plant cover, especially 
during seedbed preparation and early plant growth. 
The main management needs are to control erosion 
and contain runoff. Minimum tillage that leaves crop 
residue on the surface is effective. Fertility needs to 
be maintained. 

Most of the acreage is used for crops or pasture. 
Corn, small grain, and alfalfa-brome hay are suitable 
crops. Where septic tank absorption fields are planned, 
pollution is a possible hazard because the underlying 
limestone is fractured. Capability unit Ше-2; wood- 
land group 3; community development group 4; out- 
door recreation group 8. 


Dakota Series 


The Dakota series consists of nearly level, well- 
drained soils on broad, smooth benches along streams. 


These soils formed in loamy and gravelly outwash. The 
native vegetation was tall prairle grasses and mixed 
hardwood forest. 

In a representative profile the surface layer is very 
dark brown and very dark grayish-brown loam about 
11 inches thick. The subsoil is about 34 inches thick. 
The upper 24 inches is dark-brown and yellowish- 
brown, friable loam and sandy loam; the lower 10 
inches is stratified, yellowish-brown sand and dark 
yellowish-brown sandy loam. The underlying material 
is brown gravelly coarse sand. 

Permeability is moderately rapid, and available wa- 
ter capacity is moderate. The content of organie mat- 
ter is moderate. The content of available phosphorus 
is medium, and that of potassium is low. 

Most areas are used for crops or pasture, and some 
are mined for gravel. The main limitation is the hazard 
of drought. 

Representative profile of Dakota loam, 0 to 3 percent 
slopes, in the southwest corner of NWIASE, sec. 23, 
T. 110 N., R. 16 W. 


А1—0 to 8 inches, very dark brown (10YR 2/2) loam; тод- 
erate, very fine, granular structure; friable; me- 
dium acid; abrupt, wavy boundary. 

A3—8 to 11 inches, very dark grayish-brown (10YR 3/2) 
loam; very dark brown (10YR 2/2) coatings on 
faces of peds; weak, very thin, platy structure; 
friable; few bleached silt particles on faces of 
peds; medium acid; clear, wavy boundary. 

B21t—11 to 18 inches, dark-brown (10YR 4/3) loam; very 
dark grayish-brown (10YR 3/2) coatings on faces 
of peds; moderate, fine, subangular blocky struc- 
ture; friable; many, medium, tubular fillings of 
very dark brown (10YR 2/2); many, very fine 
and fine, tubular pores; very few bleached sand 
grains on faces of peds; few clay films on faces of 
peds; medium acid; clear, wavy boundary. 

B22t—18 to 27 inches, yellowish-brown (10YR 5/4) loam, 
dark-brown (10YR 4/3) coatings on faces of peds; 
moderate, medium, subangular blocky structure; 
friable; common, very fine and fine, tubular pores; 
about 1 percent gravel; very few bleached sand 
grains on faces of peds; few clay films on faces 
of peds; medium acid; abrupt, wavy boundary. 

B23t—27 to 35 inches, yellowish-brown (10YR 5/4) sandy 
loam; weak, medium, subangular blocky structure; 
friable; few thin clay bridgings between sand 
grains; about 10 percent gravel; strongly acid; 
abrupt, wavy boundary. 

IIB3t—35 to 45 inches, yellowish-brown (10YR 5/4) sand; 
thick, dark yellowish-brown (10YR 4/4) sandy 
loam bands; single grained; very friable; about 10 
percent gravel; continuous clay bridgings between 
sand grains in bands; medium acid; abrupt, wavy 
boundary. 

ПС—45 to 60 inches, brown (10YR 5/3) gravelly coarse 
sand; single grained; loose; about 25 percent 
gravel; moderately alkaline; slightly effervescent. 


The solum ranges from 36 to 50 inches in thickness. It 
ranges from 1 to 10 percent gravel. The А horizon ranges 
from 10 to 15 inches in thickness. The A1 or Ap horizon 
ranges from 10 to 15 inches in thickness. The А1 or Ар 
horizon is very dark brown or very dark grayish brown. 
It typically is loam, but ranges to sandy loam. The A3 
horizon, which is very dark grayish brown and is as much 
as 2 to 5 inches thick, occurs only in some places. The upper 
part of the B2t horizon is yellowish-brown, dark-brown, 
or dark yellowish-brown loam, clay loam, or sandy clay 
loam. The lower part is sandy clay loam or sandy loam. The 
ITB3t horizon ranges from 8 to 15 inches in thickness. It 
typically has few to many loamy sand or sandy loam bands. 
The IIC horizon is sand, coarse sand, or gravelly coarse 
sand. The content of gravel in the IIC horizon ranges from 
a trace to as much as 30 percent. 
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The Dakota soils are near Fairhaven and Biscay soils 
and are similar to Dickinson soils. They have some trans- 
located clay in the B horizon, and Fairhaven soils do not. 
They do not have a seasonal high water table that is char- 
acteristic of Biscay soils, and they have a brighter colored В 
horizon than those soils. They contain less sand and more 
clay in A and B horizons than Dickinson soils. 

Dakota loam, 0 to 3 percent slopes (DaA).—This soil 
is on broad benches of major streams. Areas range 
from 2 to 50 acres in size. These areas are the parts of 
benches generally closest to escarpments that adjoin 
a flood plain or a lower lying bench. 

Because available water capacity is moderate, the 
main limitation is the moderate hazard of drought. 
Natural fertility is low to medium. Surface runoff is 
medium. The main management needs are to schedule 
fieldwork and to select early maturing сгорз that best 
utilize the available water in the soil and the more 
frequent early-season rains. Some irrigation can be 
used where considered feasible. 

This soil is used mostly for crops or pasture. It is 
well suited to corn and small grain. Some areas are 
woodland. Some are a source of sand and gravel. Where 
the soil is used as a septic tank absorption field and 
the water table is below a depth of 20 feet, pollution of 
ground water is a hazard because the underlying ma- 
terial is rapidly permeable. Capability unit 118-1; 
woodland group 3; community development group 3; 
outdoor recreation group 10. 


Derinda Series 


The Derinda series consists of sloping to steep, mod- 
erately well drained soils on convex crests and sides 
of narrow upland ridges. These soils formed in loess 
and shale residuum. The native vegetation was decidu- 
ous forest. 

In a representative profile the surface layer is very 
dark grayish-brown silt loam about 7 inches thick. The 
subsoil is 20 inches thick. The upper 17 inches is dark 
yellowish-brown, friable silt loam and silty clay loam; 
the lower 3 inches is olive, firm clay. The underlying 
material is olive, soft shale. 

Permeability is slow, and available water capacity is 
moderate. The content of organic matter is moderate. 
The content of available phosphorus is medium, and 
that of potassium is low. 

Most areas are used for crops, pasture, or woodland. 
The main limitation is the hazard of erosion. 

Representative profile of Derinda silt loam, 5 to 12 
percent slopes, eroded, 400 feet east and 265 feet north 
of the center of sec. 10, T. 111 N., В. 16 W. 


Ар—0 to 7 inches, very dark grayish-brown (10YR 3/2) silt 
loam; weak to moderate, fine, granular structure; 
friable; medium acid; abrupt, smooth boundary. 

B21t—7 to 10 inches, dark yellowish-brown (10YR 4/4) 
silt loam; dark-brown (10YR 4/3) coatings on 
faces of peds; common tubular fillings of very dark 
grayish brown (10YR 8/2); weak, fine, subangular 
blocky structure; friable; moderate, very fine and 
fine, tubular pores; common, thin clay films on faces 
of peds; medium acid; abrupt, wavy boundary. 

B22t—10 to 19 inches, dark yellowish-brown (10YR 4/4) 
silt loam; dark-brown (10YR 4/3) coatings on 
faces of peds; moderate, fine, subangular blocky 
structure; friable; moderate, very fine and fine, 
tubular pores; common thin clay films on faces of 
peds; medium acid; clear, wavy boundary. 

B23t—19 to 24 inches, dark yellowish-brown (10YR 4/4) 


silty clay loam; dark-brown (10YR 4/3) coatings 
on faces of peds; moderate, medium, subangular 
blocky structure; friable; common, very fine and 
fine, tubular pores; common moderately thick clay 
films on faces of peds; medium acid; abrupt, wavy 
boundary. 

IIB3t—24 to 27 inches, olive (5Y 5/6) clay; dark grayish- 
brown (2.5Y 4/2) coatings on faces of peds; strong, 
medium, angular blocky structure; firm; thick 
thread-like accumulations of clay; medium acid; 
abrupt, wavy boundary. 

IIC—27 to 45 inches, olive (5Y 4/3) shale; few, soft, clayey 
masses; massive and common cleavage; firm; me- 
dium acid. 


The loess ranges from 15 to 30 inches in thickness. The 
solum ranges from 20 to 40 inches in thickness. The A 
horizon is very dark grayish brown or dark grayish brown. 
The B2t horizon is dark yellowish brown or dark brown. 
It is silt loam or silty clay loam in the upper part and silty 
clay loam in the lower part. The IIB8t horizon is silty clay 
or clay. The IIC horizon ranges from olive to greenish gray. 
It is dominantly hard shale, but in some places part of it has 
been weathered to clayey masses. 

Derinda soils in Goodhue County have a darker colored 
А horizon and less clay in the upper part of the B horizon 
than is defined in the range for the series. However, this 
difference does not alter use or behavior. 

Derinda soils are near Seaton soils and are similar to 
Dubuque and Schapville soils. They formed in a thin mantle 
of loess underlain by clayey residuum derived from shale, 
whereas Seaton soils formed entirely in loess and Dubuque 
soils formed in a thin mantle of loess underlain by lime- 
Stone bedrock. Derinda soils formed in a thicker loess mantle 
than Schapville soils. 

Derinda silt loam, 5 to 12 percent slopes, eroded 
(DeC2).—This soil is on crests and upper sides of narrow 
upland ridges that are a part of major stream valleys. 
Areas range from 2 to 15 acres in size. Slopes range 
from 100 to 300 feet in length. This soil has the profile 
described as representative of the series, Included in 
mapping are some areas of soils that have a slightly 
thicker combined surface layer and subsoil. 

The main limitation is the moderate hazard of fur- 
ther erosion, which is most critical during spring plant- 
ing and very early crop growth. Surface runoff is 
medium. Because available water capacity is moderate, 
the hazard of drought also is moderate. Fertility is 
medium to low. Tilth is difficult to maintain because 
this soil tends to slake and erust. The main manage- 
ment need is to control further erosion. 

Most of this soil is used for crops or pasture. Some 
areas are woodland. If protected from further erosion, 
this soil 15 suited to most crops grown in the county. 
Capability unit IIIe-2; woodland group 3; community 
development group 5; outdoor recreation group 8. 

Derinda silt loam, 12 to 25 percent slopes, eroded 
(DeD2).—This soil is on the upper sides of narrow up- 
land ridges. Areas range from 2 to 15 acres in size. 
Slopes range from 75 to 300 feet in length. Included in 
mapping are a few small areas of Dubuque soils. 

The main limitation is the severe hazard of further 
erosion in areas that are used for cultivated crops or 
are intensively pastured. Surface runoff is medium to 
rapid. Drought is a hazard because available water 
capacity is moderate. Natural fertility is medium to 
low. The main management needs are to control erosion 
and grazing and to maintain fertility. 

Almost all the acreage is used for pasture, crops, or 
woodlands. The soil is best suited to woodland or 
pasture. In some areas it is suited to small grain and 
alfalfa-brome hay. Capability unit IVe-2; woodland 
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group 3; community development group 5; outdoor 
recreation group 9. 


Diekinson Series 


The Dickinson series consists of nearly level to mod- 
erately steep, well-drained soils on benches along rivers 
and streams. These soils formed in glacial outwash. 
The native vegetation was grasses. 

In a representative profile the surface layer is very 
dark brown and very dark grayish-brown sandy loam 
and fine sandy loam about 18 inches thick. The sub- 
soil is dark-brown, brown, and yellowish-brown, very 
friable and loose fine sandy loam and loamy sand about 
17 inches thick. The underlying material is brown sand. 

Permeability is moderately rapid, and available wa- 
ter capacity is moderate. The content of organic mat- 
ter is moderate. The content of available phosphorus 
and potassium is medium. 

Most areas are used for erops or pasture. The main 
limitations are hazards of drought and some erosion. 

Representative profile of Dickinson sandy loam, 0 to 
2 percent slopes, 200 feet north and 600 feet west of 
southeast corner of N14 of correction area along west 
edge of sec. 6, T. 112 М., R. 17 W. 


Ар--0 to 9 inches, very dark brown (10YR 2/2) sandy 
loam; weak, fine, granular structure; friable; me- 
dium acid; clear, wavy boundary. 

A1—9 to 14 inches, very dark brown (10Y R 2/2) fine sandy 
loam; few fillings of very dark grayish brown 
(10YR 3/2); weak, fine, granular structure; very 
friable; common, very fine and fine, continuous, 
tubular pores in peds; medium acid; clear, wavy 
boundary. 

АЗ— 14 to 18 inches, very dark grayish-brown (10YR 3/2) 
fine sandy loam; very dark brown (10YR 2/2) 
tubular fillings and coatings on faces of peds; 
weak, medium, subangular blocky structure; very 
friable; common, fine, continuous, tubular pores in 
peds; medium acid; clear, wavy boundary. 

B21—18 to 25 inches, dark brown (10YR 4/3) fine sandy 
loam; weak, medium, subangular blocky structure; 
very friable; common, fine and medium, continuous, 
tubular pores in peds; meidum acid; clear, wavy 
boundary. 

B22—25 to 32 inches, brown (10YR 5/3) fine sandy loam; 
dark-brown (10YR 4/3) coatings on faces of peds; 
moderate, medium, subangular blocky structure; 
very friable; common, fine and medium, continuous, 
tubular pores in peds; medium acid; clear, wavy 
boundary. 

B3—32 to 35 inches, yellowish-brown (10YR 5/4) loamy 
sand; weak, coarse, subangular blocky structure; 
loose; slightly coherent; medium acid; abrupt, 
wavy boundary. | 

C—35 to 60 inches, brown (10YR 5/3) sand; single grained; 
loose; medium acid. 


The solum ranges from 30 to 45 inches in thickness. The 
depth to free lime ranges from 50 to 80 inches. The À horizon 
ranges from 10 to 20 inches in thickness. It is sandy loam, 
fine sandy loam, or loam. The B2 horizon ranges from dark 
brown to yellowish brown. It is fine sandy loam, sandy loam, 
or loam. The B3 horizon is fine sand, sand, loamy sand, or 
loamy fine sand. The horizon is fine sand, sand, or coarse 
sand. 

Dickinson soils are similar to Dakota and Sparta soils 
and are near Terril soils. They have less clay in the B 
horizon than Dakota soils. They have more silt and clay 
and less sand in the solum than Sparta soils. They have a 
thinner À horizon and a coarser textured C horizon than 
Terri) soils. 


Dickinson sandy loam, 0 to 2 percent slopes (DkA).— 
This soil is on benches along some of the streams in 


the county. Areas of this soil make up part or all of 
the benches. They range from 2 to 100 acres in size. 
This soil has the profile described as representative 
of the series. Included in mapping are some areas of 
soils that contain more sand and are thinner. 

This soil tends to be droughty, and this tendency 
is the main limitation. Available water capacity is only 
moderate. Natural fertility is low to medium. This 
soil is subject to soil blowing in areas not sufficiently 
protected by vegetation. Surface runoff is slow, and 
most of it is absorbed because infiltration is moderately 
high and permeability is moderately rapid. The main 
management needs are to schedule fieldwork for maxi- 
mum use of the available water in the soil, to maintain 
fertility, and to control soil blowing. 

Most of the acreage is used for crops or pasture and 
is suited to this use. It is also well suited to such irri- 
gated crops as corn and soybeans. Some areas are 
being developed for housing. Where septic tank absorp- 
tion fields are planned, pollution of ground water is а 
hazard because the underlying material is rapidly 
permeable. Capability unit IIIs-1; woodland group 3; 
community development group 3; outdoor recreation 
group 10. 

Dickinson sandy loam, 2 to 6 percent slopes (DkB).— 
This soil is on knolls on uplands and on some of the 
Stream benches in the county. Areas range from 8 to 
20 acres in size. This soil has a profile similar to that 
described as representative of the series, but it is 
thinner. Included in mapping are some areas of eroded 
and sandy soils. 

Because available water capacity is moderate, the 
main limitation is the tendency to droughtiness. Sur- 
face runoff is medium, and most of it is absorbed be- 
cause the rate of infiltration is moderately high and 
permeability is moderately rapid. Areas not sufficiently 
protected by vegetation are subject to some soil blow- 
ing and water erosion. The main management needs 
are to schedule fieldwork and to select early maturing 
crops to best utilize available water in the soil and the 
early season rains. Other needs are to maintain fer- 
tility and to reduce loss through erosion. Some irriga- 
tion can be used where considered feasible. 

Most of the acreage is used for crops or pasture. The 
soil is well suited to small grain and corn. Where septic 
tank absorption fields are planned, pollution of ground 
water is a hazard because the underlying material is 
rapidly permeable. Capability unit IIIe-4; woodland 
group 3; community development group 3; outdoor 
recreation group 10. 

Dickinson sandy loam, 6 to 12 percent slopes (ОКС. 
—This soil is on concave slopes near the base of walls 
of river valleys and along the sides of some knolls on 
stream benches. It has a profile similar to that de- 
scribed as representative of the series, but the surface 
layer is thicker in some areas where material has 
washed from soils upslope and is thinner in areas where 
slopes are convex. Included in mapping are some areas 
of Sparta soils on bench escarpments and other areas 
where slopes are more than 12 percent. 

The main limitation is the severe or moderate hazard 
of erosion. This soil is highly erodible because it lacks 
stability in deep cuts and in some areas it is subject 
to concentrated flow of runoff. Runoff is medium and 
collects on this soil from soils upslope. Soil blowing is а, 
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hazard in areas that lack sufficient vegetation. This 
soil tends to be droughty because available water ca- 
pacity is only moderate. The main management need is 
to control erosion and runoff. 

This soil is used for crops, pasture, or woodland. It 
is suited to some crops but is better suited to woodland 
or pasture. Where the soil is used for septic tank ab- 
sorption fields, pollution of the ground water is a hazard 
because the underlying material is rapidly permeable. 
Capability unit IVe-4; woodland group 3; community 
development group 3; outdoor recreation group 13. 


Dodgeville Series 


The Dodgeville series consists of nearly level to slop- 
ing, well-drained soils on sides and crests of narrow 
upland ridges. These soils formed in loess and lime- 
stone bedrock residuum underlain by limestone bedrock. 
The native vegetation was tall prairie grasses. 

In a representative profile the surface layer is very 
dark brown and very dark grayish-brown silt loam 
about 15 inches thick. The upper 9 inches of the sub- 
soil is yellowish-brown, friable silt loam; the lower 5 
inches is light olive-brown, firm clay. The underlying 
materialis limestone and interbedded shale. 

Permeability is moderate, and available water ca- 
paeity is moderate. The content of organic matter is 
high. The content of available phosphorus is medium, 
and that of potassium is low. 

Most areas are used for crops. The main limitations 
are hazards of erosion and drought. 

Representative profile of Dodgeville silt loam, 1 to 
6 percent slopes, 480 feet south and 560 feet west of the 
center of sec. 2, T. 111 N., R. 18 W. 


Ар--0 to 9 inches, very dark brown (10YR 2/2) silt loam; 
weak, very fine, granular structure; friable; slight- 
ly acid; abrupt, wavy boundary. 

A3—9 to 15 inches, very dark grayish-brown (10YR 3/2) 
silt loam; common mixings of very dark brown 
(10YR 2/2); weak, very fine, subangular blocky 
structure; friable; slightly acid; abrupt, wavy 
boundary. 

В2- 15 to 24 inches, yellowish-brown (10YR 5/4) silt loam; 
few mixings of very dark brown (10YR 2/2), dark- 
brown (10YR 4/3) coatings on faces of peds; 
moderate, fine, subangular blocky structure; friable; 
few, very fine, tubular pores; slightly acid; clear, 
wavy boundary. 

IIB3—24 to 29 inches, light olive-brown (2.5Y 5/4) clay; 
weak, coarse, prismatic structure; firm; about 8 
percent limestone fragments; mildly alkaline; 
slightly effervescent in parts; clear, wavy boundary. 

R—29 inches, hard limestone and some interbedded shale. 


The solum ranges from 20 to 40 inches in thickness, Depth 
to limestone ranges from 20 to 40 inches. The silty sediment 
ranges from 17 to 30 inches in thickness. The A horizon 
ranges from 10 to 20 inches in thickness. The B2 horizon is 
silt loam or silty clay loam. The IIB3 horizon ranges from 
3 to 10 inches in thickness. It is clay or silty clay and is 1 
to 10 percent coarse fragments. 

Dodgeville soils in Goodhue County have a thinner IIB 
horizon than is defined as the range for the series and 
do not have an increase in clay content in the B horizon. 
These differences do not appreciably alter the use or be- 
havior of the soils. 

Dodgeville soils are near Schapville and Shullsburg soils, 
and they are similar to Dubuque soils. They have a thicker 
solum and contain more silt and less clay than Schapville 
soils. They are underlain by limestone, whereas Shullsburg 
soils are underlain by shale. They do not have an A2 horizon, 
which is typical of Dubuque soils. 


Dodgeville silt loam, 1 to 6 percent slopes (DoB)— 
This soil is on crests of narrow upland ridges. Areas 
range from 2 to 30 acres in size. This soil has the 
profile described as representative of the series. In- 
cluded in mapping are some areas of Copaston and 
Shullsburg soils. 

The main limitations are the moderate hazard of 
erosion and a tendency to be droughty. This soil is 
most susceptible to erosion in areas that lack vegeta- 
tion. The hazard of drought is moderate, because avail- 
able water capacity is moderate. Surface runoff is 
medium. The main management needs are to control 
runoff and erosion and to maintain fertility. 

This soil is used for crops or pasture. It is well suited 
to corn, small grain, and hay. Because the soil tends 
to dry out early when cropped, limiting plant popula- 
tion and planting crops that mature early are practices 
that best utilize the available water in the soil and the 
more frequent seasonal rains. Where the soil is used 
for septic tank absorption fields, pollution of ground 
water is a hazard because the underlying limestone 
bedrock is cavernous and fractured. Capability unit 
Пе-2; woodland group 3; community development 
group 4; outdoor recreation group 7. 

Dodgeville silt loam, 6 to 12 percent slopes, eroded 
(DoC2).—This soil is on sides of narrow upland ridges 
and drainageways of some broad uplands. Areas range 
from 2 to 15 acres in size. This soil has a profile similar 
to that described as representative of the series, but 
part of the original surface layer has been lost through 
erosion. Included in mapping are some areas of Schap- 
ville or Shullsburg soils. 

The main limitation is the severe hazard of further 
erosion. This soil is most susceptible to erosion in 
areas that lack sufficient vegetation. It tends to be 
droughty, because available water capacity is only 
moderate. Surface runoff is medium. The main man- 
agement needs are to control erosion and runoff and to 
maintain fertility. Contour stripcropping, contouring, 
and minimum tillage are effective. 

This soil is used for crops or pasture. Using it as 
pasture or woodland helps control erosion. Small grain, 
corn, and hay can be grown under good management. 
Where the soil is used as septic tank filter fields, pollu- 
tion of ground water is a hazard because the underlying 
limestone bedrock is cavernous and fractured. Capa- 
bility unit Ше-2; woodland group 3; community de- 
velopment group 4; outdoor recreation group 8. 


Dubuque Series 


The Dubuque series consists of gently sloping to very 
steep, well-drained soils on the sides and crests of 
narrow upland ridges along major streams. These soils 
formed in loess and in residuum derived from lime- 
stone bedrock. The native vegetation was deciduous 
hardwood. 

In a representative profile the surface layer is very 
dark grayish-brown silt loam about 6 inches thick, 
and the subsurface layer is dark-brown silt loam about 
8 inches thick. The upper 14 inches of the subsoil is 
yellowish-brown, friable silt loam; the lower 4 inches 
formed in residuum and is strong-brown sandy clay. 
The underlying material is partly weathered limestone. 

Permeability and available water capacity are mod- 
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erate. The content of organic matter is moderate. The 
content of available phosphorus and potassium is low. 

Most areas are used for crops, pasture, or woodland. 
The main limitations are hazards of erosion and 
drought. 

Representative profile of Dubuque silt loam, 18 to 35 
percent slopes, in a wooded area 500 feet west and 250 
feet south of the northeast corner of NW!, sec. 34, Т. 
112 М., R. 15 W. 


A1—0 to 6 inches, very dark grayish-brown (10YR 3/2) 
$16 loam; weak, very fine, granular structure; 
friable; medium acid; abrupt, wavy boundary. 

А2—6 to 14 inches, dark-brown (107 Е 4/3) silt loam; dark 
grayish-brown (10YR 4/2) coatings; weak, very 
thin, platy structure; very friable; medium acid; 
clear, irregular boundary. 

B1—14 to 21 inches, yellowish-brown (10YR 5/4) silt loam; 
weak, fine, subangular blocky structure; friable; 
thin, continuous, grayish-brown (10YR 5/2) coat- 
ings of silt and very fine sand on faces of peds; 
strongly acid; clear, wavy boundary. 

B21t—21 to 28 inches, yellowish-brown (10YR 5/4) silt 
loam; moderate, fine, subangular blocky structure; 
friable; common, thin coatings of silt and very 
fine sand on faces of peds; few thin clay films on 
faces of peds and in pores; common, very fine and 
fine, continuous, open, tubular pores in peds; strong- 
ly acid; abrupt, wavy boundary. 

IIB22t—28 to 32 inches, strong-brown (7.5YR 5/6) sandy 
elay; moderate, coarse, subangular blocky struc- 
ture; firm; common, thin silty coatings on faces of 
peds; few thin clay films on faces of peds; about 3 
percent coarse fragments; medium acid; clear, 
wavy boundary. 

IIR—32 inches, hard, partly fractured limestone. 


Thickness of the solum, or depth to bedrock, ranges from 
20 to 40 inches. The upper part of the solum does not have 
coarse fragments, while the lower part ranges from 2 to 15 
percent coarse fragments. The А1 horizon is silt loam and 
typically is very dark grayish brown but ranges to dark 
grayish brown. It ranges from 4 to 8 inches in thickness in 
wooded areas, and its thickness in cultivated areas is con- 
trolled by the depth of plowing. The A2 horizon ranges from 
very dark grayish brown to brown and typically is 2 to 10 
inches thick, but it is missing in some cultivated areas. 
The B2 horizon is brown or yellowish-brown silt loam or 
light silty clay loam. Clay films in the B2 horizon are thin 
and few to common. The IIB horizon ranges from 2 to 
12 inches in thickness and from strong brown or brown 
to yellowish brown. It ranges from sandy clay to clay. The 
R horizon is generally partly weathered in the upper 2 
feet and is hard and jointed below this depth. 

Dubuque soils are near Seaton and Mt. Carroll soils and 
are similar to Dodgeville soils. They formed in a thinner 
mantle of loess than Seaton and Mt. Carroll soils. They have 
an À2 horizon and Dodgeville soils do not. 


Dubuque silt loam, 2 to 6 percent slopes, eroded 
(DuB2).— This soil is on crests of narrow upland ridges. 
Areas range from 2 to 30 acres in size. This soil has a 
profile similar to that described as representative of 
the series, but it is eroded, lacks a subsurface layer, 
and has a thinner subsoil that is partly mixed into the 
surface layer. Included in mapping are areas of soils 
that are very shallow over limestone bedrock. 

The limitations are moderate hazards of further ero- 
sion and of drought. This soil is most susceptible to 
erosion in areas that lack sufficient vegetation. The 
hazard of drought is moderate because available water 
capacity is moderate. Surface runoff is medium. The 
main management needs are to control runoff and 
erosion and to maintain fertility. 

This soil is used for crops, pasture, or woodland. It 
is better suited to pasture or woodland than to crops. 


It is suited to small grain and red clover hay. Some 
corn can be grown, but production is relatively low. 
Where the soil is used for septic tank absorption fields, 
pollution of ground water is a hazard because the un- 
derlying limestone bedrock is fractured and cavernous. 
Capability unit IIe-2; woodland group 3; community 
development group 4; outdoor recreation group ۰ 

Dubuque silt loam, 6 to 12 percent slopes, eroded 
(DuC2).—This soil is on sides of narrow upland ridges 
and of drainageways on some broad uplands. Areas 
range from 2 to 30 acres in size. This soil has a profile 
similar to that described as representative of the series, 
but in most cultivated areas it is eroded. The thickness 
of the surface layer is controlled by the depth of plow- 
ing, the subsurface layer is generally lacking, and the 
subsoil is thinner and partly mixed into the surface 
layer. Included in mapping are areas of soils that are 
severely eroded or that have limestone bedrock at a 
very shallow depth. 

The main limitation is the severe hazard of further 
erosion, and this soil is most susceptible to erosion in 
areas that lack sufficient vegetation. The hazard of 
drought is moderate because available water capacity 
is moderate. Surface runoff is medium. The main man- 
agement needs are to control erosion and runoff and to 
maintain fertility. 

This soil is used for crops, pasture, or woodland. It 
is better suited to pasture or woodland than to crops 
because of erosion and drought. Some areas are being 
developed for housing. Where septic tank absorption 
fields are planned, pollution of ground water is a hazard 
because the underlying limestone is fractured. Capa- 
bility unit Ше-2; woodland group 3; community de- 
velopment group 4; outdoor recreation group 8. 

Dubuque silt loam, 12 to 18 percent slopes, eroded 
(DuD2).—This soil is on sides of narrow upland ridges 
and entrenched drainageways in some of the broad 
uplands. Areas range from 2 to 30 acres in size. This 
soil has a profile similar to that described as represen- 
tative of the series, but in most cultivated areas it is 
eroded, lacks a subsurface layer, and has a thinner 
subsoil that is partly mixed into the surface layer. 
Included in mapping are areas of soils that are severely 
eroded or that are very shallow over limestone bedrock. 

The main limitation is the severe hazard of further 
erosion, and this soil is most susceptible to erosion in 
areas that are not protected by vegetation. The hazard 
of drought is moderate because available water capacity 
is moderate. Surface runoff is medium to rapid. The 
main management needs include control of erosion 
and runoff and maintenance of fertility. 

This soil is used for crops, pasture, or woodland. It 
is well suited to woodland and to pasture if grazing is 
controlled. It is poorly suited to crops because erosion 
and drought are hazards. Where septic tank absorption 
fields are planned, pollution of ground water is a hazard 
because the underlying limestone is fractured. Capa- 
bility unit ГУе-2; woodland group 3; community devel- 
opment group 4; outdoor recreation group 8. 

Dubuque silt loam, 18 to 35 percent slopes (DuF).— 
This soil is on sides of narrow upland ridges and deep 
ravines on broad uplands. Areas mostly range from 2 
to 30 acres in size. This soil has the profile described 
as representative of the series. In cultivated areas, this 
soil is eroded, and the subsurface layer and parts of the 
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subsoil are generally lacking. Included in mapping are 
areas of severely eroded Dubuque soils and areas of 
Frontenac or Marlean soils on some of the lower slopes. 

The main limitation is the very severe hazard of 
erosion. This soil is most susceptible to erosion in 
areas that lack vegetation or management. The hazard 
of drought is moderate because available water capacity 
is moderate. Surface runoff is rapid. The main manage- 
ment needs include control of erosion and runoff and 
maintenance of fertility. 

This soil is used mostly for pasture or woodland. It 
is well suited to woodland. It is not suited to crops 
because it is steep and erosion and drought are hazards. 
Capability unit VIIe-2; woodland group 5; community 
development group 7; outdoor recreation group 9. 


Eleva Series 


The Eleva series consists of gently sloping to mod- 
erately steep, somewhat excessively drained soils on 
knolls of bedrock benches that are a part of or adjoin 
loamy, sandy, or gravelly outwash benches along major 
streams. These soils formed in loamy outwash under- 
lain by sandstone. The native vegetation was deciduous 
forest. 

In a representative profile the surface layer is dark 
grayish-brown sandy loam about 7 inches thick, and 
the subsurface layer is dark-brown sandy loam about 
2 inches thick. The upper 14 inches of the subsoil is 
brown, friable sandy loam; the lower 14 inches is 
yellowish-brown and very pale brown sandy loam and 
sand. The underlying material is white, soft sandstone. 

Permeability is moderately rapid, and available wa- 
ter capacity is low. The content of organic matter is 
low. The content of available phosphorus and potas- 
sium is low. 

Most areas are used for erops, pasture, or woodland. 
The main limitations are hazards of drought and 
erosion. . 

Representative profile of Eleva sandy loam, 2 to 6 
percent slopes, in a cultivated field about 100 feet 
north and 100 feet west of the southeast corner of 
SWIASWAA sec. 12, T. 112 N., В. 17 W. 

Ар—0 to 7 inches, dark grayish-brown (10YR 4/2) sandy 
loam, light brownish gray (10YR 6/2) dry; weak, 
very fine, granular structure; very friable; about 
2 percent coarse fragments; medium acid; abrupt, 
smooth boundary. 

А9--Т to 9 inches, dark-brown (10YR 4/3) sandy loam; 
weak fine, subangular blocky structure; very fri- 
able; about 2 percent coarse fragments; medium 
acid; abrupt, wavy boundary. 

B21t—9 to 23 inches, brown (10YR 5/3) sandy loam; dark- 
brown (7.5YR 4/4) coatings on faces of peds; 
moderate, fine, subangular blocky structure; fri- 
able; many clay bridgings between sand grains 
and common thin clay films on faces of peds; 
about 2 percent coarse fragments; medium acid; 
abrupt, wavy boundary. 

B22—23 to 27 inches, yellowish-brown (10YR 5/4) sandy 
loam; weak, coarse, subangular blocky structure; 
very friable; about 2 percent coarse fragments; 
medium acid; abrupt, wavy boundary. 

IIB3—27 to 37 inches, very pale brown (10YR 7/3) sand; 
single grained; loose; few, thin, dark yellowish- 
brown (10YR 4/4) sandy loam bands; strongly 
acid; clear, wavy boundary. 

IIIC—37 to 40 inches, white (10YR 8/1) soft sandstone. 


Thickness of the solum, or depth to sandstone, ranges 


from 20 to 40 inches. The solum ranges from slightly acid 
to strongly acid. It typically ranges from 1 to 10 percent 
coarse fragments. Some places have an А1 horizon that 
ranges from 4 to 6 inches in thickness. It is sandy loam, 
fine sandy loam, or light loam. The A2 horizon ranges 
from 1 to 5 inches in thickness. The B horizon ranges from 
dark brown to yellowish brown or brown. It is sandy 
loam, fine sandy loam, or light loam. Common to many clay 
bridgings are between the sand grains in the B2 horizon. 
Underlying sandstone is soft to weakly cemented. 

Eleva soils are near Gotham soils and are similar to 
Billett and Gale soils. They contain more clay and less sand 
in the B horizon than Gotham soils. They do not have the 
deep, loose, sandy C horizon that Billett soils have. They 
оош less clay and more sand in Ше B horizon than Gale 
soils. 


Eleva sandy loam, 2 to 6 percent slopes (EeB).—This 
soil is on knolls on stream benches underlain by bed- 
rock and on knolls on some broad uplands. Areas range 
from 2 to 20 acres in size. This soil has the profile 
described as representative for the series. Included in 
mapping are some areas of sandstone outcrops near 
the crests of knolls. Also included are areas of soils 
that have sandstone at a depth of 40 to 60 inches. 

Because available water capacity is low, the main 
limitation is the moderate hazard of drought. Surface 
runoff is slow or medium, and most of it is absorbed 
because the rate of infiltration is moderately high and 
permeability is moderately rapid. The soil is subject to 
soil blowing and water erosion in areas that lack suf- 
fieient vegetation. The main management needs are 
to schedule fieldwork and to select early maturing 
сторз so that the available water in the soil is best 
utilized. Maintenance of fertility and control of erosion 
are also needed. Some irrigation can be used where it 
is considered feasible. 

'This soil is used for erops, woodland, or pasture. It 
is well suited to small grain and red clover hay. Where 
septic tank absorption fields are planned, pollution of 
ground water is a hazard because the underlying sand- 
stone is permeable. Capability unit Ше-4; woodland 
group 3; community development group 4; outdoor 
recreation group ۰ 

Eleva sandy loam, 6 to 18 percent slopes (EeD).—This 
soil is on sides of knolls on stream benches underlain 
by bedrock and on knolls on some broad uplands. Areas 
range from 2 to 20 acres in size. This soil has a pro- 
file similar to that described as representative of the 
series, but it is thinner. Ineluded in mapping are areas 
of sandstone outcrops or areas of soils that are thin 
and gravelly or contain more sand. 

The main limitation is the severe or moderate hazard 
of erosion. This soil is highly erodible because it lacks 
stability in deep cuts and where surface runoff flows. 
Surface runoff is medium. This soil is subject to soil 


blowing in areas that are not sufficiently protected by 


vegetation. The hazard of drought is moderate or severe 
because available water capacity is low. The main man- 
agement need is to control erosion and runoff. 

This soil is used for crops, pasture, or woodland. It 
is well suited to woodland or other permanent vegeta- 
tion. Where the soil is used as a septic tank absorption 
field, pollution of ground water is a hazard because 
the underlying sandstone is permeable. Capability unit 
IVe-4; woodland group 3; community development 
group 4; outdoor recreation group 8. 
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Estherville Series 


The Estherville series consists of nearly level to mod- 
erately steep, somewhat excessively drained soils on 
broad stream benches. These soils formed in loamy and 
gravelly glacial outwash. The native vegetation was 
tall prairie grasses. 

In a representative profile the surface layer is about 
14 inches thick; it is very dark brown loam in the upper 
part and very dark grayish brown sandy loam in the 
lower part. The upper 8 inches of the subsoil is dark 
yellowish-brown, friable sandy loam ; the lower 5 inches 
is dark-brown gravelly coarse sand. The underlying 
material is grayish-brown gravelly coarse sand. 

Permeability is rapid, and available water capacity 
is low. The content of organic matter is moderate. Тһе 
content of available phosphorus and potassium is low. 

Most areas are used for crops or pasture, and some 
areas are used for residential developments. The main 
limitation is the hazard of drought. 

Representative profile of Estherville loam, 0 to 6 per- 
cent slopes, about 350 feet north and 750 feet east of 
the southwest corner of NW1,, sec. 18, T. 112 N., R. 17 
W. 


A1—0 to 8 inches, very dark brown (10YR 2/2) loam; weak, 
very fine, granular structure; very friable; about 
6 percent gravel; medium acid; abrupt, wavy 
boundary. 

A3— 8 to 14 inches, very dark grayish-brown (10YR 3/2) 
sandy loam, common mixings of very dark brown 
(10YR 2/2); weak, very fine, subangular blocky 
Structure; very friable; many very fine, fine, and 
medium, tubular pores; about 15 percent gravel; 
medium acid; clear, wavy boundary. 

В2— 14 to 22 inches, dark yellowish-brown (10YR 3/4) sandy 
loam, dark-brown (7.5YR 3/2) coatings on faces 
of peds; weak, medium, subangular blocky struc- 
ture; friable; many very fine, fine, and medium, 
tubular pores; about 15 percent gravel; medium 
acid; abrupt, wavy boundary. 

IIB3—22 to 27 inches, dark-brown (7.5YR 3/2) gravelly 
coarse sand; single grained; loose; medium acid; 
clear, wavy boundary. 

IIC1—27 to 45 inches, grayish-brown (10YR 5/2) gravelly 
coarse sand; single grained; loose; moderately alka- 
line; slightly effervescent; abrupt, wavy boundary. 

IIC2—45 to 80 inches, grayish-brown (10YR 5/2) gravel 
stratified with gravelly coarse sand; about 20 per- 
cent cobblestones; moderately alkaline; strongly 
effervescent. | 


The solum ranges from 20 to 80 inches in thickness. The 
depth to sand and gravel ranges from 15 to 30 inches. The 
Al and B2 horizons range from 1 to 15 percent gravel. 
The A horizon ranges from 10 to 15 inches іп thickness. It 
is loam or sandy loam. It ranges from medium acid to 
neutral. The B2 horizon ranges from dark brown to dark 
yellowish brown. It is sandy loam or loam. The IIC horizon 
is gravelly sand, gravelly coarse sand, or stratified sand 
and gravel. 

Estherville soils are near Dickinson and Salida soils and 
are similar to Burkhardt soils. They contain more gravel 
than Dickinson soils. They have a thicker solum than Salida 
soils. They contain free carbonates at a shallower depth 
than Burkhardt soils. 


Estherville loam, 0 to 6 percent slopes (EsA]).— This 
soil is on broad benches along major streams. Areas 
range from 2 to 100 acres in size and make up most of 
the benches. This soil has the profile described as rep- 
resentative of the series. Included in mapping are nu- 
merous small areas of Salida soils that appear as very 
convex rises. 


The main limitations are low available water capacity 
and the moderate hazard of soil blowing. Surface runoff 
is slow, and most of it is absorbed because the rate of 
infiltration is moderately high and permeability is 
moderately rapid. Natural fertility is low. The main 
management needs include control of erosion and main- 
tenance of fertility. Irrigation can be used where con- 
sidered feasible. 

This soil is used for crops and some pasture or wood- 
land. Some areas are being developed for housing and 
are used as a source of sand and gravel. Where the 
soil is used as a septie tank absorption field and the 
water table is below a depth of 20 feet, pollution of 
ground water is a hazard because the underlying ma- 
terial is rapidly permeable. Capability unit IIIs-1; 
woodland group 4; community development group 3; 
outdoor recreation group 11. 

Estherville soils, 6 to 18 percent slopes (EsC).— These 
Soils are on escarpments of broad benches along major 
streams. Áreas range from 2 to 15 acres in size. Slopes 
range from 50 to 150 feet in length. The profiles of 
these soils are similar to the representative profile, but 
some are loamy throughout and others contain more 
sand. Included in mapping are numerous small areas 
of Salida soils. 

The main limitations are moderate hazards of ero- 
sion and drought. These soils are susceptible to soil 
blowing and water erosion. They are droughty because 
available water capacity is low. The main manage- 
ment need is to control erosion by establishing perma- 
nent vegetation. 

These soils are used for crops, pasture, and woodland. 
They are well suited to permanent vegetation such as 
trees. Some areas are being developed for housing and 
are used аз а source of sand and gravel. Where septic 
tank absorption fields are planned, pollution of ground 
water tables is a hazard because the underlying ma- 
terial is rapidly permeable. Capability unit IVe-4; 
woodland group 4; community development group 9; 
outdoor recreation group 13. 


Fairhaven Series 


The Fairhaven series consists of nearly level to 
moderately steep, well-drained soils on broad benches 
along streams. These soils formed in loamy material 
underlain by sandy or gravelly outwash. The native 
vegetation was tall prairie grasses. 

In a representative profile the surface layer is very 
dark brown and very dark grayish-brown silt loam 
about 12 inches thick. The upper 21 inches of the 
subsoil is dark-brown, dark yellowish-brown, and yel- 
lowish-brown, friable silt loam and loam; the lower 5 
inches is yellowish-brown gravelly sandy loam. The 
EE QUAE material is grayish-brown gravelly coarse 
sand. 

Permeability is moderately rapid, and available 
water capacity is moderate. The content of organic 
matter is moderate. The content of available phos- 
phorus is medium, and that of potassium is low. 

Most areas are used for crops or pasture. The main 
limitations are hazards of drought and some erosion. 

Representative profile of Fairhaven silt loam, 0 to 3 
percent slopes, 60 feet north and 400 feet west of the 
southeast corner of SW1A sec. 25, T. 110 N., R. 17 W. 
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Ар--0 to 8 inches, very dark brown (10YR 2/2) silt loam; 
fine granular structure; friable; neutral; abrupt, 
smooth boundary. 

A3—8 to 12 inches, very dark grayish-brown (10YR 3/2) 
silt loam; weak, fine, subangular blocky structure 
parting to moderate, very fine, granular; friable; 
many, very fine and fine, tubular pores; neutral; 
clear, wavy boundary. 

В21--12 to 15 inches, dark-brown (10YR 4/8) silt loam; 
dark grayish-brown (10YR 4/2) coatings on faces 
of peds; weak, medium, subangular blocky struc- 
ture; friable; many, very fine and fine, tubular 
pores; medium acid; abrupt, wavy boundary. 

B22—15 to 22 inches, dark yellowish-brown (10YR 4/4) 
silt loam; coatings of dark brown (10YR 4/3) on 
faces of peds; moderate, fine and medium, sub- 
angular blocky structure; friable; many, very fine 
and fine, tubular pores; strongly acid; abrupt, wavy 
boundary. 

IIB23—22 to 28 inches, yellowish-brown (10YR 5/4) loam; 
moderate, medium, subangular blocky structure; 
friable; many, very fine and fine, tubular pores; 
about 4 percent gravel; few, very thin clay films 
on faces of peds; strongly acid; abrupt, wavy 
boundary. 

IIB24—28 to 33 inches, yellowish-brown (10YR 5/4) loam; 
moderate, medium, subangular blocky structure; 
friable; many, very fine and fine, tubular pores; 
about 10 percent gravel; strongly acid; abrupt, 
wavy boundary. 

JIB3—33 to 38 inches, yellowish-brown (10YR 5/4) gravelly 
sandy loam; weak, coarse, subangular blocky struc- 
ture; very friable; about 10 percent gravel and 
cobblestones; strongly acid; abrupt, wavy boundary. 

IIIC—38 to 60 inches, grayish-brown (10YR 5/2) gravelly 
coarse sand; single grained; loose; about 5 percent 
cobblestones and gravel; mildly alkaline; slightly 
effervescent. 


The solum is 30 to 45 inches thick. Depth to underlying 
sand and gravel ranges from 25 to 40 inches. Depth to 
free carbonates ranges from 30 to 45 inches. The А and 
B2 horizons range from 1 to 10 percent coarse fragments 
in some places, but in most places they have none. The А 
horizon ranges from 10 to 20 inches in thickness. It is silt 
loam or loam, and the content of silt and very fine sand is 
very high. The thickness of the combined B21 and B22 
horizons ranges from 10 to 20 inches. These horizons are 
dark brown or dark yellowish brown. They are silt loam 
high in content of sand or loam. The IIB2 horizon ranges 
from 5 to 15 inches in thickness. It ranges from heavy 
loam to sandy loam and is 2 to 15 percent gravel. The IIC 
horizon is gravelly coarse sand or stratified sand and gravel. 

Fairhaven soils are near Dakota soils and Waukegan soils. 
They do not have the appreciable amounts of translocated 
clay in the B horizon that is characteristic of Dakota soils. 
They contain more sand and less silt in the solum than 
Waukegan soils. 


Fairhaven silt loam, 0 to 3 percent slopes (FaA).— 
This soil is on broad benches of major streams. Areas 
range from 2 to 100 acres in size. 

Because available water capacity is moderate, the 
main limitation is the moderate hazard of drought. Sur- 
face runoff is medium or slow, and much of it is ab- 
sorbed because the rate of infiltration is moderate and 
permeability is moderately rapid. The main manage- 
ment needs are to schedule fieldwork and to select 
early maturing crops to best utilize available water in 
the soil and the more frequent seasonal rains. 

This soil is used mostly for crops. Some areas are in 
pasture or used as a source of sand and gravel. It is 
well suited to row crops, especially corn and soybeans. 
Some irrigation can be used where considered feasible. 
Where septic tank absorption fields are planned, pollu- 
tion of ground water at a depth below 10 feet is a 
hazard because the underlying material is rapidly per- 


meable. Capability unit Пв-1; woodland group 3; com- 
oe development group 3; outdoor recreation group 
0. 


Frontenac Series 


The Frontenac series consists of steep and very 
steep, well-drained soils on valley walls. These soils 
formed in loess and residuum from limestone. The 
native vegetation was deciduous hardwood. 

In a representative profile the surface layer is very 
dark brown and very dark grayish-brown silt loam 
about 12 inches thick. The subsoil is dark yellowish- 
brown, friable silt loam about 18 inches thick. The 
underlying material is very pale brown, friable chan- 
nery and cobbly loam. 

Permeability and available water capacity are mod- 
erate. The content of organic matter is moderate. The 
content of available phosphorus is medium, and that of 
potassium is low. 

Most areas are woodland and are in the Memorial 
Hardwood State Forest. The main limitations are the 
hazard of erosion and the steepness of slope. 

Representative profile of Frontenac soils, very steep, 
in an area of Frontenac silt loam, 1,155 feet south and 
1,150 feet east of the northwest corner of NEY, sec. 21, 
T. 113 N., R. 15 W. 


A1—0 to 7 inches, very dark brown (10YR 2/2) silt loam; 
moderate, very fine, granular structure; very fri- 
able; many roots; neutral; clear, wavy boundary. 

АЗ—7 to 12 inches, very dark grayish-brown (10YR 3/2) 
silt loam and mixings of dark brown (10YR 4/3); 
moderate, fine, granular structure; very friable; 
many roots; neutral; clear, wavy boundary. е 

В21--12 to 20 inches, dark yellowish-brown (10YR 4/4) 
silt loam; dark-brown (10YR 4/3) coatings on 
faces of peds; moderate, very fine, subangular 
blocky structure; friable; many, very fine and fine, 
tubular pores; about 5 percent coarse fragments, 
mostly flagstones and channers; many roots; neu- 
tral; clear, wavy boundary. 

B22—20 to 30 inches, yellowish-brown (10YR 5/4) silt loam; 
some dark-brown (10УК 4/8) coatings on faces 
of peds; moderate, fine, subangular blocky struc- 
ture; friable; many, very fine and fine, tubular 
pores; about 10 percent coarse fragments, mostly 
flagstones and channers; neutral; abrupt, wavy 
boundary. 

IIC1—30 to 40 inches, very pale brown (10YR 8/3) chan- 
пету loam; weak, coarse, subangular blocky struc- 
ture; friable; about 45 percent coarse fragments, 
mostly channers and about 10 percent flagstones; 
mildly alkaline; slightly effervescent; abrupt, wavy 
boundary. 

IIC2—40 to 120 inches, very pale brown (10YR 8/3) cobbly 
loam; massive; friable; about 60 percent rock frag- 
ments, mostly cobblestones and about 25 percent 
Stones; mildly alkaline; strongly effervescent. 

The solum ranges from 20 to 40 inches in thickness. Depth 
to free carbonates ranges from 20 to 60 inches. The solum 
ranges from 25 to 50 percent sand and from 18 to 25 percent 
clay. 

The A horizon typically does not have coarse fragments, 
but in some places it is as much as 10 percent coarse frag- 
ments. The B horizon is 2 to 15 percent coarse fragments. 
The IIC horizon is 35 to 70 percent coarse fragments. The 
A and B horizons range from medium acid to neutral. The 
IIC horizon is neutral to mildly alkaline. 

The A horizon ranges from very dark brown to very dark 
grayish brown. It is loam or silt loam and has weak or 
moderate, granular structure. The B horizon ranges from 
brown or dark brown to dark yellowish brown or yellowish 
brown, It is silt loam or loam. The B horizon has weak or 
moderate, subangular blocky structure. Few patchy clay 
films on faces of peds or in lining of pores are in the B 
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horizon in some places. The IIC horizon 15 flaggy, спаплегу, 
or cobbly silt loam, sandy loam, or loam. 

Frontenac soils are near Brodale, Dubuque, and Marlean 
soils. They have а thicker profile than Brodale or Maxlean 
soils. They are not shallow over bedrock, which is character- 
istic of Dubuque soils. 


Frontenac soils, steep (25 to 40 percent slopes) (ЕЕ). 
—These soils are on north-facing and east-facing sides 
of valley walls, mainly upstream from major rivers. 
Elevations from the base of ridgetops to the valley floor 
vary from 75 to 150 feet. 

Frontenac soils make up about 50 percent of this 
unit, soils similar to Frontenac soils about 25 percent, 
and Dubuque or Marlean soils about 25 percent. The 
similar soils formed in a similar material to that in 
which Frontenac soils formed, but they have a thin 
subsurface layer or they contain more sand in the upper 
part of the profile. The Dubuque or Marlean soils are 
on shoulders or the upper part of sides of steep hills. 
Included in mapping are some areas of rock outerop 
that are indicated on the detailed soil map by the sym- 
bol for rock outcrop. These outcrops are of the Galena, 
Platteville, and Shakopee Formations. 

Surface runoff is rapid and very rapid and depends 
on the condition of vegetative cover. It can be released 
at а very high velocity in areas that have been grazed 
or have had excessive traffic, and it causes gullies in 
adjoining soils along lower foot slopes and toe slopes. 
This runoff can be slowed and controlled if good stands 
of woodland are maintained and grazing is not per- 
mitted. This type of management adds а muleh of 
leaves that combines with an understory growth on the 
forest floor. Woodlands are very spongelike and absorb 
a large amount of precipitation and runoff, and also 
aid in the recharge of ground water reservoirs in the 
various bedrock outcrops in this unit. The woodland 
can be harvested for timber. Capability unit VIIe-2; 
woodland group 5; community development group 7; 
outdoor recreation group 12. 

Frontenac soils, very steep (40 to 80 percent slopes) 
(FrF.— These soils are on north-facing and east-facing 
walls of river valleys. Elevations from the base of 
ridgetops to the valley floor vary from 150 to 400 feet. 

Frontenac soils make up 50 percent of this unit, 
other soils about 45 percent, and Dubuque and Marlean 
soils about 5 percent. The Frontenac soils have the 
profile described as representative of the series (fig. 7). 
The other soils have a thinner surface layer, have a 
subsurface layer, and contain more clay in the subsoil 
or they contain more sand. Included in mapping are 
some areas of rock outcrop on the upper part of slopes. 
These outcrops are of the Jordan, Oneota, Shakopee, St. 
Peter, Platteville, and Galena Formations. 

Surface runoff is rapid and very rapid and depends 
on the condition of vegetative cover. Runoff is highest 
in areas that have been grazed or have had excessive 
traffic. It can be released at a very high velocity and 
cause gullies in adjoining soils along lower foot slopes 
and toe slopes. This runoff can be slowed and controlled 
if good stands of timber are maintained and grazing 
and excessive traffic are not permitted. This type of 
management adds а mulch of leaves and allows an 
understory growth that is very spongelike and absorbs 
a large amount of precipitation and runoff. This also 
aids in the recharge of ground water reservoirs in the 


Figure 7.—Profile of Frontenac silt loam in an area of Frontenac 
soils, very steep, shows loamy rock debris. 


various bedrock outerops in this unit. The woodland 
can be harvested for timber. Capability unit VIIe-2; 
woodland group 5; community development group 7; 
outdoor recreation group 12. 


Gale Series 


The Gale series consists of nearly level and gently 
sloping, well-drained soils slightly above natural drain- 
ageways, on lower foot slopes of broad uplands. These 
soils formed in loess underlain by sandstone. The native 
vegetation was deciduous forest. 

In a representative profile the surface layer is dark 
grayish-brown silt loam about 8 inches thick, and the 
subsurface layer is dark-brown silt loam about 3 inches 
thick. The subsoil is yellowish-brown and brown, fri- 
able silt loam about 27 inches thick. The underlying 
material is yellow, soft sandstone and fine sand. 

Permeability and available water capacity are mod- 
erate. The content of organie matter is moderate. The 
content of available phosphorous is medium, and that 
of potassium is low. 

Most areas are used for crops or pasture. The main 
limitations are hazards of drought and some erosion. 

Representative profile of Gale silt loam, 0 to 3 per- 
cent slopes, about 680 feet south and 200 feet east of 


GOODHUE COUNTY, MINNESOTA 29 


the northwest corner of МЕУ, 
R. 15 W. 


Ap—0 to 8 inches, dark grayish-brown (10YR 4/2) silt loam, 
light brownish gray (10YR 6/2) dry; weak, very 
fine, granular structure; friable; neutral; abrupt, 
smooth boundary. 

A2—8 to 11 inches, dark-brown (10YR 4/3) silt loam, dark 
grayish-brown (10YR 4/2) coatings on faces of 
peds; moderate, medium, platy structure; friable; 
slightly acid; clear, irregular boundary. 

B1—11 to 27 inches, yellowish-brown (10YR 5/4) heavy silt 
loam; moderate, very fine, subangular blocky struc- 
ture; friable; thin, continuous, brown (10YR 5/3) 
coatings of silt particles on faces of peds; common, 
very fine and fine, tubular pores; strongly acid; 
clear, wavy boundary. 

B22t—27 to 32 inches, yellowish-brown (10YR 5/4) silt 
loam; weak, thick, platy structure parting to mod- 
erate, fine, subangular blocky; friable; thin patches 
of brown (10YR 5/3) silt and very fine sand par- 
ticles on faces of peds; common, very fine and fine, 
tubular pores; strongly acid; clear, wavy boundary. 

B3—32 to 38 inches, brown (10YR 5/3) silt loam, few 
thin strata of sand; weak, coarse, subangular blocky 
Structure; friable; very porous; thin patchy coat- 
ings of bleached very fine sand and coarse silt par- 
ticles on faces of peds; strongly acid; abrupt, wavy 
boundary. 

IIC—38 to 60 inches, yellow (10YR 7/6) soft sandstone that 

has pockets of loose fine sand. 


NW], sec. 21, T. 111 N., 


The solum ranges from 24 to 40 inches in thickness. Depth 
to underlying sandstone ranges from 24 to 40 inches. The 
Solum typieally does not have coarse fragments, but the B3 
horizon has a few coarse fragments in some places. The Ap 
or А1 horizon is very dark grayish brown or dark grayish 
brown. The B horizon is brown or yellowish-brown silt loam 
or silty clay, and clay films are few to common. The IIC 
horizon or underlying sandstone ranges from soft to hard. 

Gale soils are near Seaton soils and are similar to Eleva 
soils. They formed in a thinner mantle of loess than 
Seaton soils. They contain more silt and less sand than 
the Eleva soils. 

Gale silt loam, 0 to З percent slopes (GaA).—This soil 
is on very low side slopes above long, natural drainage- 
ways and in saddlelike areas between knolls of sand- 
Stone outcrop. Areas range from 2 to 40 acres in size. 
Included in mapping are areas of sandstone outcrops 
that are generally less than one-fifth of an acre in size. 

Because available water capacity is moderate, the 
main limitation is the moderate hazard of drought. 
Surface runoff is medium. Fertility is low to medium. 
The main management needs are to schedule fieldwork 
and to select early maturing crops to best utilize avail- 
able water in the soil and periods of more frequent 
seasonal rain. 

This soil is used mostly for crops or pasture, and 
some areas are woodland. It is well suited to small 
grain, corn, and legumes. Where septic tank absorption 
fields are planned, pollution of ground water in the 
underlying sandstone is a hazard. Capability unit IIs- 
1; woodland group 8; community development group 4; 
outdoor recreation group 7. 


Garwin Series 


The Garwin series consists of nearly level or depres- 
sional, poorly drained and very poorly drained soils in 
concave parts of drainageways on broad uplands. These 
soils formed in loess. The native vegetation was sedges 
and tall prairie grasses. 

In a representative profile the surface layer is black 
silty clay loam about 14 inches thick. The upper 6 inches 


of the subsoil is dark grayish-brown, slightly sticky 
silty clay loam; the lower 27 inches is dark grayish- 
brown and grayish-brown, friable and very friable 
silt loam. The underlying material is grayish-brown 
silt loam. 

Permeability is moderately slow, and available water 
capacity is very high. The content of organic matter is 
high. The content of available phosphorus is medium, 
and that of potassium is low. À seasonal water table is 
at a depth of 1 foot to 3 feet. 

Most areas are used for crops or pasture or are idle. 
The main limitation is the hazard of wetness. 

Representative profile of Garwin silty clay loam, in 
а field 75 feet north of the southeast corner of ЗЕМ, 
sec. 6, T. 110 N., R. 16 W. 


Ар—0 to 8 inches, Маек (N 2/0) silty «ау loam; weak, very 
fine, granular structure; sticky; neutral; abrupt, 
smooth boundary. 

A12—8 to 14 inches, black (N 2/0) silty clay loam; mod- 
erate, medium, granular structure; sticky; neutral; 
clear, wavy boundary. 

B21g—14 to 20 inches, dark grayish-brown (2.5Y 4/2) 
silty clay loam; many, very dark grayish-brown 
)2.5 ۲ 3/2) coatings on faces of peds, many, dis- 
tinet, dark-brown (7.5YR 4/2) mottles, common 
mixings of black (N 2/0); moderate, very fine, 
subangular blocky structure, slightly sticky; com- 
mon, very fine and fine pores; neutral; clear, wavy 
boundary. 

B22g—20 to 27 inches, dark grayish-brown (2.5Y 4/2) silt 
loam; many, fine, distinct, yellowish-brown (10YR 
5/4) mottles; weak, coarse, subangular blocky 
structure; friable; common fine and medium pores; 
neutral; clear, wavy boundary. 

B23g—27 to 38 inches, grayish- brown (5. БҮ 5/2) silt loam; 
many, fine, distinct, yellowish-brown (10УВ 5/4) 
mottles; weak, coarse, subangular blocky structure; 
friable; neutral; clear, wavy boundary. 

B3g—38 to 47 inches, grayish- brown (2.5Y 5/2) silt loam 
high in content of coarse silt and very fine sand; 
weak, coarse, prismatie structure; very friable; 
mildly alkaline; diffuse, wavy boundary. 

C— 47 to 86 inches, grayish-brown (2.5Y 5/2) ilt. loam high 
in content of coarse silt and very fine sand; mas- 
sive; very friable; mildly alkaline. 


The solum typically ranges from 35 to 55 inches in thick- 
ness. Carbonates are at а depth ranging from 60 to 100 
inches. The À horizon ranges from 10 to 24 inches in thick- 
ness. It is silt loam or silty clay loam. The B horizon ranges 
from dark gray or gray, dark grayish brown or grayish 
brown to olive gray or olive. The B2 horizon has common to 
many, faint to prominent mottles. It is silty clay loam or silt 
loam. The C horizon is grayish brown, olive gray, or gray. It 
is neutral to mildly alkaline. 

Garwin soils are near Joy and Port Byron soils and are 
similar to Maxfield soils. They are wetter and grayer than 
Joy or Port Byron soils. They do not have glacial till in the 
substratum, which is characteristic of Maxfield soils. 


Garwin silty clay loam (0 to 2 percent slopes) (От). 
—-This soil is at concave heads of upland drainageways 
that collect runoff from upslope areas. It is above Gar- 
win silty clay loam, swales, and Colo soils all of 
which are in the drainageways. Areas are bulb shaped 
—they are widest at the head and blend into the drain- 
ageway downslope. They range from 2 to 20 acres in 
size. This soil has the profile described as representa- 
tive of the series. Included in mapping are small areas 
of Joy soils. 

The main limitation is the hazard of wetness. Sur- 
face runoff is medium. 

Adequately drained areas of this soil are suited to 
corn and soybeans. Some areas are pasture. Capability 
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unit 117-1 : woodland group 9; community develop- 
ment group 2; outdoor recreation group 3. 

Garwin silty clay loam, swales (0 to 1 percent slopes) 
Gr.—This soil is in long, narrow drainageways оп 
road uplands. Surface runoff collects from adjoining 

soils and floods this soil. Pasture and idle areas remain 
ponded for brief periods. This soil has a profile similar 
to that deseribed as representative of the series, but 
the surface layer is slightly thicker in most areas. In- 
cluded in mapping are some areas of Orion soils on the 
lower reaches of the drainageways and some areas of 
soils similar to Garwin soils that have a mucky surface 
layer. 

The main limitation is the severe hazard of wetness. 

Adequately drained areas of this soil are suited to 

erops; flooding, however, is a hazard. Some areas can 
be developed as impoundments for wildlife or left idle 
for food and natural cover. Capability unit IIIw-1; 
woodland group 9; community development group 2; 
outdoor recreation group 8. 


Gotham Series 


The Gotham series consists of gently sloping to very 
steep, somewhat excessively drained soils on concave 
foot slopes near the base of valley walls. These soils 
formed in sandy outwash. The native vegetation was 
deciduous hardwoods. 

In a representative profile the surface layer is very 
dark brown and dark-brown fine sand about 5 inches 
thick. The subsoil is about 38 inches thick. The upper 
31 inches is dark-brown and brown, structureless fine 
sand that has thin bands of loamy fine sand in the lower 
part; the lower 7 inches is dark yellowish-brown loamy 
fine sand. The underlying material is brown sand. | 

Permeability is rapid, and available water capacity 
is low. The content of organie matter is low. The con- 
tent of available phosphorous and potassium is low. 

Most areas are used for woodland, pasture, or crops. 
These soils are well suited to woodland. The main lim- 
itation is the hazard of drought. 

Representative profile of Gotham fine sand, 12 to 35 
percent slopes, 495 feet south of the northeast corner of 
NE!ASWH14 sec. 5, T. 111 N., R. 17 W. 


А11—0 to 2 inches, very dark brown (10YR 2/2) fine sand; 
single grained; loose; strongly acid; clear, wavy 
boundary. 

A12—2 to 5 inches, dark-brown (10YR 3/3) fine sand, 
tongues and masses of very dark brown (10YR 
2/2); single grained; loose; strongly acid; clear, 
irregular boundary. 

B1—5 to 15 inches, dark-brown (10YR 4/3) fine sand, large 
masses and mixings of very dark grayish brown 
(10YR 3/2); single grained; loose; strongly acid; 
clear, wavy boundary. : 

1321-16 to 36 inches, brown (10YR 5/3) fine sand; single 
grained; loose; few %-іпеһ bands of dark-brown 
loamy fine sand in lower part; strongly acid; clear, 
wavy boundary. 

B22t—36 to 43 inches, dark yellowish-brown (10YR 4/4) 
loamy fine sand; massive; thin, continuous clay 
bridgings between sand grains; strongly acid; 
abrupt, wavy boundary. . . 

C—48 to 60 inches, brown (10Y R 4/3) sand; single grained; 
loose; medium acid. 


The solum ranges from 30 to 45 inches in thickness. The 
А horizon ranges from very dark grayish brown to dark 
brown. It is fine sand, sand, loamy sand, or loamy fine sand. 
The B horizon ranges from 25 to 40 inches in thickness. It 


is dark-brown, brown, or dark yellowish brown and is me- 
dium acid to strongly acid. The B horizon is mainly sand or 
fine sand. The B2t horizon typically is loamy fine sand or 
loamy sand, but it ranges to sand or fine sand that has ap- 
preciable amounts of clay. This horizon commonly occurs as 
one or more bands of lamellae within the B horizon. The C 
horizon is sand or fine sand. 

Gotham soils are near Marlean and Plainfield soils. They 
have appreciable amounts of translocated clay in the B 
horizon, and those soils do not. They do not have coarse frag- 
ments, and Marlean soils have appreciable amounts. 


Gotham fine sand, 2 to 12 percent slopes (С18).--Тһів 
soil is on smooth to concave foot slopes that extend 
around the base of valley walls. It adjoins some areas 
of Plainfield soils along the lower toe slopes. Areas 
range from 2 to 80 acres in size. Slopes range from 75 
to 300 feet in length. Included in mapping are some 
areas of Plainfield soils and some areas of soils that 
have sandstone bedrock at a depth of 40 inches or less. 

Because available water capacity is low, the main 
limitation is droughtiness. Natural fertility and content 
pf organic matter are low. This soil is also subject to 
Soil blowing in areas that lack plant cover. Surface 
runoff is very slow, and most of it is absorbed because 
the rate of infiltration is high and permeability is rapid. 

This soil is used for crops, pasture, or woodland. It 
is poorly suited to grain crops because it is droughty. 
It is better suited to permanent pasture and trees, but 
pastures go dormant rather early in the season. Where 
the soil is used as a septic tank absorption field and the 
water table is below a depth of 10 feet, pollution of 
ground water is a hazard because the underlying ma- 
terial is rapidly permeable. Capability unit IVs-1; 
woodland group 4; community development group 3; 
outdoor recreation group 11. 

Gotham fine sand, 12 to 35 percent slopes (GtD].— 
This soil is on smooth to concave upper foot slopes 
that extend around the base of valley walls. Bedrock is 
mostly at à depth of 5 to 8 feet. Areas range from 2 to 
20 acres in size. Slopes range from 75 to 300 feet in 
length. This soil has the profile described as represen- 
tative of the series. Included in mapping are some areas 
of soils that have sandstone or limestone bedrock at a 
depth of 40 inches or less. 

Because available water capacity is low, the main 
limitation is droughtiness. Natural fertility and con- 
tent of organic matter are low. The hazards of soil 
blowing and water erosion are moderate in areas that 
lack plant cover. Surface runoff is medium, and most 
of it is absorbed because the rate of infiltration is high 
and permeability is rapid. 

This soil is used mostly for pasture or woodland and 
is well suited to these uses. Some of it is cropped. It is 
poorly suited to grain crops because it is droughty. 
Where the soil is used as a septic tank absorption field 
and the water table is below a depth of 10 feet, pollu- 
tion of ground water is a hazard because the underlying 
material is rapidly permeable. Capability unit VIIs-1; 
woodland group 4; community development group 9; 
outdoor recreation group 13. 


Houghton Series 
The Houghton series consists of very poorly drained, 


depressional and gently sloping, organic soils that 
formed in bogs and in seep areas on hillsides. The na- 
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tive vegetation was primarily grasses, sedges, reeds, 
and cattails. 

In a representative profile the surface layer is black 
muck about 19 inches thick. Lower layers to а depth of 
72 inches are black and dark-brown peaty muck and are 
15 to 30 percent undecomposed plant fibers and 20 to 
80 percent soil mineral. 

Permeability is moderately rapid, and available water 
capacity is very high. The content of available phos- 
phorus and potassium is low. The water table 15 аба 
depth of 1 to 3 feet. 

Most areas are idle. These soils are too wet for most 
uses, but they are well suited to vegetable crops if а 
market is available and the water level is controlled. 

Representative profile of Houghton muck, about 50 
feet east and 405 feet north of the southwest corner of 
sec. 36, T. 113 N., R. 14 W. 


Oap—0 to 9 inches, black (М 2/0) saprie material; about 
5 percent fiber, rubbed; weak, very fine, granular 
structure; about 15 percent mineral material; 
mildly alkaline; gradual, smooth boundary. 

Oa2—-9 to 19 inches, Маек (М 2/0) saprie material; about 
2 percent fiber, rubbed; weak, very fine, subangular 
blocky structure; about 10 percent mineral ma- 
terial; mildly alkaline; gradual, smooth boundary. 

029-19 to 24 inches, заре material, black (М 2/0) and 
dark-brown (7.5YR 4/4) broken face, black (N 
2/0) rubbed; about 10 percent fiber, rubbed; weak, 
medium, platy structure; about 15 percent mineral 
material; mildly alkaline; gradual, smooth bound- 


ary. 

0۵1-924 to 51 inches, hemic material, about 60 percent black 
(10YR 2/1) and 40 percent dark-brown (10YR 
8/3) broken face; about 70 percent fiber, about 30 
percent rubbed; weak, medium, platy structure; 
about 10 percent mineral material; mildly alkaline; 
gradual, smooth boundary. 

Oe2— 51 to 72 inches, hemic material, about 70 percent black 
(N 2/0) and 30 percent dark brown (7578 4/4) 
broken face and black (N 2/0) rubbed; massive; 
about 40 percent fiber, 10 percent rubbed; about 
10 percent mineral material; mildly alkaline. 


The organic soil material ranges from 55 inches to more 
than 70 inches in thickness. This material ranges from 
neutral to mildly alkaline. It is largely sapric, but in some 
places it is mostly hemic. 

Houghton soils in Goodhue County contain more unde- 
composed plant fibers and Houghton muck, seepy, is more 
sloping than is defined in the range for this series. These 
differences do not alter use or behavior of the soils. 

Houghton soils are near Maxfield soils, Alluvial land, 
and Marsh. They formed in thick deposits of organic soil 
material, whereas Maxfield soils and Alluvial land formed 
in mineral soil material They do not have the nearly con- 
tinuous mantle of shallow water that is characteristic of 
Marsh. 

Houghton muck (0 to 1 percent slopes) (Ho).—This 
soil is in low, wet areas along the edges of marshes, 
flood plains, or stream benches. This soil has the profile 
described as representative of the series. Stratified silt 
and clay are at a depth below 12 inches. А water table 
is at a depth of about 20 inches. Included in mapping 
are areas where the muck is less than 55 inches thick. 
Also included are some ponded areas and areas of 
Houghton soils that have silty overwash. 

Areas of this soil are seasonally ponded and have 
reeds, sedges, and marsh grasses growing on them. 
Wetness severely limits use. Frost is a hazard because 
this soil is low lying. . 

Undrained areas are poorly suited to pasture, but 
some wild hay grows. Adequately drained and properly 
fertilized areas are well suited to vegetable crops. Capa- 


bility unit VIw-1; woodland group 9; community de- 
velopment group 2; outdoor recreation group 3. 

Houghton muck, seepy (1 to 8 percent slopes) (Hs).— 
This soil is near the base of seepy hillsides. Areas 
range from 2 to 10 acres in size. 

The main limitation is the severe hazard of wetness. 
Any needed drainage should be installed along the 
upper slopes to intercept seepage. ` 

Most of this soil is idle or pasture. It is poorly suited 
to pasture because it tends to be very hummocky. It 
can be developed for wildlife habitat. Capability unit 
VIw-1; woodland group 9; community development 
group 2; outdoor recreation group 3. 


Joy Series 


The Joy series consists of nearly level, somewhat 
poorly drained soils on concave heads of drainageways 
in loess-covered uplands. These soils formed in loess. 
The native vegetation was tall prairie grasses. 

In a representative profile the surface layer is black 
and very dark grayish-brown silt loam about 11 inches 
thick. The subsoil is dark grayish-brown to brown, 
friable silt loam about 29 inches thick. The underlying 
material is grayish-brown and light-gray silt loam and, 
at a depth of about 63 inches, yellowish-brown loam. 

Permeability is moderately slow, and available water 
capacity is very high. The content of organic matter is 
high. The content of available phosphorus is medium, 
and that of potassium is low. 

Most areas are used for crops or pasture. The main 
limitation is the hazard of wetness. 

Representative profile of Joy silt loam, 0 to 3 percent 
slopes, 395 feet north and 495 feet east of the south- 
west corner of sec. 14, T. 109 N., R. 16 W. 


Ар—0 to 8 inches, black (10YR 2/1) silt loam; weak, fine, 
granular structure; friable; slightly acid; abrupt, 
wavy boundary. 

АЗ 8 to 11 inches, very dark grayish-brown (10YR 3/2) 
silt loam; weak, fine, subangular blocky structure; 
friable; neutral; abrupt, wavy boundary. 

B21—11 to 16 inches, dark grayish-brown (10УК 4/2) silt 
loam; moderate, very fine, subangular blocky struc- 
ture; friable; many, very fine and fine, tubular 
pores; few thin clay films lining fine pores; neutral; 
clear, wavy boundary. 

B22—16 to 22 inches, grayish-brown (10YR 5/2) silt loam; 
dark grayish-brown (10YR 4/2) coatings on faces 
of peds; moderate, fine, subangular blocky struc- 
ture; friable; many, very fine and fine, tubular 
pores; few thin clay films lining fine pores; neutral; 
clear, wavy boundary. 

B23— 22 to 33 inches, brown (10YR 5/8) silt loam; grayish- 
brown (10YR 5/2) coatings on faces of peds; many, 
medium, faint, grayish-brown (10YR 5/2) mottles; 
moderate, fine, subangular blocky structure; fri- 
able; common, very fine and fine, tubular pores; 
few thin clay films lining fine pores; neutral; clear, 
wavy boundary. 

B3— 33 to 40 inches, brown (10YR 5/8) silt loam high in 
content of coarse silt and very fine sand; many, 
medium, distinct, gray (10YR 5/1) mottles; weak, 
medium, subangular blocky structure; friable; com- 
mon, very fine and fine, tubular pores; mildly alka- 
Jine; clear, wavy boundary. 

C1—40 to 45 inches, grayish-brown (10YR 5/2) silt loam 
high in content coarse silt and very fine sand; many, 
medium, distinct, yellowish-brown (10YR 5/4) mot- 
tles; weak, coarse, subangular blocky structure; 
friable; common, very fine and fine, tubular pores; 
mildly alkaline; gradual, wavy boundary. 

C2—45 to 63 inches, light-gray (10YR 6/1) silt loam high 
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in content of coarse silt and very fine sand; many, 
medium, prominent, yellowish-brown (10YR 5/6) 
mottles; massive; friable; mildly alkaline; abrupt, 
wavy boundary. 

11C8— 63 to 70 inches, yellowish-brown (10YR 5/4) loam; 
massive; firm; moderately alkaline; slightly effer- 
vescent. 


Тһе solum ranges from 36 to 50 inches in thickness. Depth 
to glacial till ranges from 5 to 8 feet or more. The À horizon 
ranges from 10 to 17 inches in thickness. The B horizon 
ranges from dark grayish brown or grayish brown to dark 
brown or brown. It has common or many, faint, gray or gray- 
ish-brown mottles. The solum is silt loam that is 20 to 26 
percent clay. 

Joy soils are near Garwin, Mt. Carroll, and Port Byron 
soils and are similar to Vasa soils. They have a brighter 
colored B horizon and are better drained than Garwin soils. 
They have mottles in the B horizon, and Mt. Carroll and 
Port Byron soils do not, and they are not so well drained as 
those soils. They have a thicker A1 horizon than Vasa soils. 


Joy silt loam, 0 to З percent slopes (JoA).—This soil 
is in the upper reaches of wet drainageways on broad 
uplands. Areas are slightly concave and collect runoff 
from adjoining soils. They range from 2 to 30 acres in 
e Included in mapping are some areas of Garwin 
soils. 

The hazard of wetness is slight to moderate, and 
surface runoff is slow to medium. Some drainageways 
need artificial drainage and outlets to control wetness. 
Fertility also needs to be maintained. 

Most of the acreage is used for crops. This soil is 
well suited to corn and soybeans. Capability unit I-2; 
woodland group 2; community development group 5; 
outdoor recreation group 4. 


Kasson Series 


The Kasson series consists of very gently sloping, 
moderately well drained soils on convex crests of broad 
uplands. These soils formed in loess and dense glacial 
till. The native vegetation was mixed hardwood forest 
and grasses. 

In a representative profile the surface layer is very 
dark brown silt loam about 9 inches thick. The upper 
11 inches of the subsoil is dark-brown and brown, fri- 
able silty clay loam ; the lower 41 inches is mottled dark 
yellowish-brown, brown, and yellowish-brown, mainly 
firm loam. The underlying materialis mottled yellowish- 
brown loam. š 

Permeability is moderately slow, and available water 
capacity is high. The content of organic matter is mod- 
erate. The content of available phosphorus is medium, 
and that of potassium is low. 

Most areas are used for erops or pasture. The main 
limitations are the hazard of drought during seasonal 
dry periods and the hazard of wetness. 

Representative profile of Kasson silt loam, 1 to 3 
percent slopes, 100 feet north and 200 feet west of the 
southeast corner of sec. 31, T. 109 N., R. 17 W. 


Ар--0 to 9 inches, very dark brown (10YR 2/2) silt loam; 
weak, fine, granular structure; friable; slightly 
acid; abrupt, smooth boundary. 

B1—9 to 12 inches, dark-brown (10YR 4/3) silty clay loam; 
few masses of very dark brown (10YR 2/2) ; weak, 
very fine, subangular blocky structure; medium 
acid; clear, wavy boundary. 

B21—12 to 15 inches, dark-brown (10YR 4/3) silty clay 
loam; moderate, fine, subangular blocky structure; 
friable; many, very fine and fine, continuous, tubu- 


lar pores; common, thin coatings of bleached silt 
particles on faces of peds; medium acid; clear, 
wavy boundary. А 

B22—15 to 20 inches, brown (10YR 5/3) silty clay loam; 
common, fine, faint, grayish-brown (10YR 5/2) 
mottles; moderate, very fine, subangular blocky 
structure; friable; many, very fine and fine, соп- 
tinuous, tubular pores; common, thin coatings of 
bleached silt particles on faces of peds; strongly 
acid; abrupt, wavy boundary. 

IIB23—20 to 24 inches, dark yellowish-brown (10YR 4/4) 
loam; many, medium, distinct, grayish-brown 
(10YR 5/2) mottles; moderate, medium, subangu- 
lar blocky structure; friable; many very fine, fine, 
and medium, continuous tubular pores; many thin 
coatings of bleached silt particles on faces of peds; 
about 15 fragments; a thin stone line in upper part; 
strongly acid; clear, wavy boundary. 

IIB24t—24 to 33 inches, brown (10YR 5/3) loam; grayish- 
brown (10YR 5/2) coatings on faces of peds and 
in pores; moderate, medium, prismatie structure 
parting to strong, medium, subangular blocky; 
firm; few very fine, fine, and medium, closed and 
open tubular pores; about 4 percent gravel; com- 
mon coatings of bleached sand and silt particles, 
1 to 2 millimeters thick, on faces of peds and in 
pores; few, moderately thick clay films in pores; 
strongly acid; clear, wavy boundary. 

IIB25t—33 to 42 inches, yellowish-brown (10YR 5/4) loam; 
grayish-brown (10YR 5/2) coatings on faces of 
peds and in pores; strong, medium, prismatic struc- 
ture parting to moderate, medium, subangular 
blocky; firm; few very fine, fine, and medium pores; 
common, thin coatings of bleached silt and sand 
particles on faces of peds; few, moderately thick 
clay films in pores; about 4 percent gravel; few, 
very dark, soft masses 1 to 2 millimeters thick; 
medium acid; gradual, irregular boundary. 

IIB26t—42 to 52 inches, 60 percent yellowish-brown (10YR 
5/4) loam, grayish-brown (10YR 5/2) coatings on 
faces of peds; common, medium, distinct, strong- 
brown (7.5УВ 5/6) mottles; moderate, coarse, 
prismatie structure; firm; common very fine, fine, 
and medium pores; common, vertical, threadlike 
accumulations of silt and very fine sand-sized 
grains; few medium clay films in fine pores in peds; 
about 4 percent gravel; medium acid; clear, wavy 
boundary. 

IIB3t—52 to 61 inches, yellowish-brown (10YR 5/4) loam; 

common, fine, distinct, grayish-brown (10YR 5/2) 

mottles; moderate, coarse, prismatic structure; 

firm; common very fine, fine, and medium, tubular 

pores; common threadlike fine clay masses, 1 milli- 

meter to 3 millimeters in diameter; about 4 percent 

gravel; neutral; clear, wavy boundary. 

to 70 inches, yellowish-brown (10YR 5/4) loam; 

many, coarse, prominent, light-gray (10YR 6/1) 

and strong-brown (7.5YR 5/6) mottles; massive 

and oblique cleavages; very firm; about 4 percent 
pebbles; few, 1- to 3-millimeter threads of clayey 
masses; moderately alkaline; slightly effervescent. 


The solum ranges from 50 to 65 inches in thickness. Depth 
to free lime ranges from 50 to 72 inches. The loess mantle 
ranges from 15 to 24 inches in thickness. 

The A1 horizon is very dark brown or very dark grayish 
brown. An A2 horizon as much as 6 inches thick is in some 
places. it is dark grayish brown or grayish brown. The А 
horizon ranges from medium acid to neutral. The B2 horizon 
is dark brown or brown. The B22 horizon has few to com- 
mon, faint, fine or medium, gray or grayish-brown mottles. It 
is heavy silt loam or light silty clay loam and ranges from 
Strongly acid to medium acid, Medium to thick coatings of 
bleached fine or very fine sands are on most faces of peds. 
The IIC horizon ranges from yellowish brown or brown to 
light olive brown. It 1s heavy loam or light clay loam. It has 
common to many, faint to prominent, light-gray to grayish- 
brown or strong-brown mottles. The IIB and IIC horizons 
range from 2 to 8 percent coarse fragments. 

Kasson soils are near Skyberg and Maxfield soils and are 
similar to Racine soils. They are better drained and have 
a brighter colored B horizon than Skyberg and Maxfield 
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soils. They are moderately well drained, whereas Racine 
soils are well drained. 

Kasson silt loam, 1 to 3 percent slopes (KaA).—This 
soil is on slightly convex crests of broad glacial uplands 
and on side slopes adjacent to wet drainageways. Areas 
range from 2 to 40 acres in size. Included in mapping 
are some areas of Skyberg and Racine soils. 

This soil has a slight wetness limitation in spring and 
a hazard of drought during drier periods in summer. 
Wetness can delay early fieldwork needed to meet plant- 
ing schedules, limit fieldwork needed to control weeds 
and pests, and delay harvesting in extended rainy sea- 
sons in fall. Droughtiness hinders plants from estab- 
lishing good root systems. Surface runoff is medium to 
slow. The main management need is to improve internal 
drainage and thus encourage deeper root growth. Arti- 
ficially draining the adjoining somewhat poorly and 
very poorly drained soils may be sufficient, but some 
areas of Kasson soils require specific drainage. 

Adequately drained areas of this soil are well suited 
to and used for crops grown in the county, especially 
corn, small grain, and red clover. Septic tank absorp- 
tion fields are difficult to maintain because permeability 
is moderately slow. Capability unit IIs-2; woodland 
group 2; community development group 5; outdoor 
recreation group 4. 


Kegonsa Series 


The Kegonsa series consists of nearly level and slop- 
ing to moderately steep, well-drained soils on level 
benches along major rivers. These soils formed in a 
mantle of loess or silty outwash and sand and gravel. 
The native vegetation was mixed hardwoods and 
grasses. 

In a representative profile the surface layer is very 
dark brown silt loam about 9 inches thick, and the 
subsurface layer is dark grayish-brown silt loam about 
5 inches thick. The upper 15 inches of the subsoil is 
dark yellowish-brown and yellowish-brown, friable silt 
loam and silty clay loam; the lower 26 inches is yel- 
lowish-brown loam grading with depth to dark yellow- 
ish-brown gravelly coarse sand. Тһе underlying 
material is brown gravelly coarse sand. 

Permeability is moderate, and available water capac- 
ity is high and moderate. The content of organie matter 
is moderate. The content of available phosphorus is 
medium, and that of potassium is low. . 

Most areas are used for erops or pasture. These soils 
are suited to most row erops commonly grown in the 
county. The main limitation is the hazard of drought. 

Representative profile of Kegonsa silt loam, 0 to 3 
percent slopes, in a cultivated field 240 feet east and 
200 feet north of the southwest corner of МУЛДМЕМ, 
sec. 31, T. 109 N., R. 15 W. 


Ар—0 to 9 inches, very dark brown (10YR 2/2) silt loam; 
weak, very fine, granular structure; very friable; 
about 2 percent gravel; slightly acid; abrupt, wavy 
boundary. . 

A2—9 to 14 inches, dark grayish-brown (10YR 4/2) silt 
loam; common, very dark brown (10YR 2/2), tubu- 
lar fillings; weak, very fine, subangular blocky struc- 
ture; very friable; many, very fine and fine, tubular 
pores; about 2 percent gravel; slightly acid; clear, 
wavy boundary. . 

B1—14 to 21 inches, dark yellowish-brown (10YR 4/4) silt 
loam; dark grayish-brown (10YR 4/2) coatings on 


faces of peds; moderate, fine, subangular structure; 
friable; many, very fine and fine, tubular pores; 
common, thin, discontinuous, light-gray (10YR 7/2) 
coatings on faces of peds; few threads of clay films 
in fine tubular pores; medium acid; clear, wavy 
boundary. 

B21t—21 to 29 inches, yellowish-brown (10YR 5/4) silty 
clay loam; dark-brown (10YR 4/3) coatings; mod- 
erate, fine and medium, subangular blocky struc- 
ture; friable; many, very fine and fine, tubular 
pores; few thin clay films on faces of peds and 
moderately thick clay films in fine pores; few 
bleached silt and sand grains on faces of peds; 
common, fine, tubular pores; strongly acid; clear, 
wavy boundary. 

TIB22t—29 to 33 inches, yellowish-brown (10YR 5/4) loam; 
dark-brown (10YR 4/3) coatings; weak, medium, 
subangular blocky structure; friable; common, very 
fine and fine, tubular pores; few bleached silt and 
sand grains on faces of peds; few thin clay films 
in fine pores; about 10 percent gravel; strongly 
acid; abrupt, wavy boundary. 

IIB23t—33 to 41 inches, yellowish-brown (10YR 5/4) grav- 
elly sandy loam; weak, coarse, subangular blocky 
structure; very friable; common, fine, tubular 
pores; continuous, moderately thick clay bridgings 
between sand grains; about 20 percent gravel; 
strongly acid; clear, wavy boundary. 

IIB3t—41 to 55 inches, dark yellowish-brown (10YR 4/4) 
gravelly coarse sand; single grained; loose; many 
thin clay bridgings between sand grains; neutral; 
abrupt, wavy boundary. 

IIC—55 to 65 inches, brown (10YR 5/3) gravelly coarse 
sand; single grained; loose; about 35 percent 
gravel; moderately alkaline; slightly effervescent. 


The solum ranges from 30 to 60 inches in thickness. The 
silty sediment ranges from 24 to 40 inches in thickness. 
Depth to free carbonates ranges from 40 to 70 inches. The 
silty sediment either does not have any gravel or has a few 
percent gravel. The Ap or A1 horizon is very dark brown or 
very dark grayish brown. The A2 horizon ranges from 3 to 
6 inches in thickness. It is dark grayish brown or grayish 
brown. The B1 and B22t horizons range from 15 to 20 inches 
in combined thickness. They are dark-brown to yellowish- 
brown silt loam or silty clay loam. The IIB2 horizon ranges 
from 5 to 15 inches in thickness. It ranges from 5 to 20 per- 
cent gravel. The IIB3 horizon is gravelly coarse sand or 
gravelly loamy coarse sand. The IIC horizon is gravelly 
coarse sand, coarse sand, or stratified gravel and sand. 

Kegonsa soils are near Dakota and Fairhaven soils. They 
have an A2 horizon, and Dakota and Fairhaven soils do not. 
They contain less sand in the solum than Dakota soils. 


Kegonsa silt loam, 0 to 3 percent slopes (KeA)—This 
soil is on broad benches of major streams. Areas range 
from 5 to 100 acres in size. This soil has the profile 
described as representative of the series. 

The main limitation is that this soil tends to be 
slightly droughty in areas where available water capac- 
ity is moderate. The main management need is to 
schedule fieldwork and to select early maturing crops 
that can be planted early to best utilize available water 
in the soil and most of the seasonal rain. Surface 
runoff is slow, and much of it is absorbed in the soil 
because infiltration and permeability are moderate, 

This soil is used mostly for crops. Some areas are 
pasture or are used as a source of sand and gravel. 
This soil is well suited to row crops, especially corn. 
Irrigation can be used where feasible. Where the soil 
is used as a septic tank absorption field and the water 
table is below a depth of 10 feet, pollution of ground 
water is à hazard because the underlying material is 
rapidly permeable. Capability unit IIs-1; woodland 
group 3; community development group 3; outdoor 
recreation group 10. 
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Kegonsa and Fairhaven silt loams, 6 to 18 percent 
slopes (KfD].— These soils are on escarpments of silty 
stream benches. Areas are narrow. Slopes range from 
50 to 100 feet in length. These soils adjoin soils on flood 
plains along lower slopes. 

Kegonsa silt loam makes up about 60 percent of this 
unit, and Fairhaven silt loam about 40 percent. Fair- 
haven silt loam is near other Fairhaven soils or Wau- 
kegan soils, and Kegonsa silt loam is near other Kegonsa 
soils. Included in mapping are some areas of very steep 
soils that are indicated on the detailed soil map by the 
symbol for escarpments. 

Surface runoff is medium. The hazards of erosion 
and drought are moderate. Some areas where runoff 
collects and spills over are subject to gullying. The 
main management need is to control erosion. 

These soils are used for crops, pasture, or woodland, 
and use is determined by the use of adjacent solls and 
the depth of the workable area. They are well suited 
to permanent woodland or pasture because areas are 
quite narrow. Where the soil is used as a septic tank 
absorption field and the water table is below a depth of 
10 feet, pollution of ground water is a hazard because 
the underlying material is rapidly permeable. Capabil- 
ity unit IIIe-2; woodland group 8; community develop- 
ment group 9; outdoor recreation group 13. 


Klinger Series 


The Klinger series consists of very gently sloping, 
somewhat poorly drained soils on crests and sides of 
broad uplands. These soils formed in loess and glacial 
till. The native vegetation was tall prairie grasses. 

In a representative profile the surface layer is very 
dark brown silty clay loam about 10 inches thick. The 
upper 15 inches of the subsoil is mottled dark-brown 
and brown, friable silty clay loam and silt loam; the 
lower 23 inches that formed in glacial till is firm 
yellowish-brown loam. The underlying material is yel- 
lowish-brown loam. 

Permeability is moderately slow, and available water 
capacity is high. The content of organic matter is high. 
The content of available phosphorus is medium, and 
that of potassium is low. 

Most areas are used for crops and some pasture. 
These soils are well suited to corn and soybeans. The 
main limitation is the hazard of wetness. 

Representative profile of Klinger silty clay loam, 1 
to 3 percent slopes, 250 feet north of the southwest 
corner of sec. 19, T. 110 N., R. 18 W. 

Ар—0 to 8 inches, very dark brown (10YR 2/2) silty clay 
loam; weak, very fine, granular structure; friable; 
slightly acid; abrupt, wavy boundary. 

АЗ—8 to 10 inches, very dark grayish-brown (10YR 3/2) 
silty clay loam; very dark brown (10ҮК 2/2) coat- 


ings on faces of peds; moderate, fine, granular 
structure; friable; medium acid; clear, wavy bound- 


ary. 
B21—10 to 14 inches, dark-brown (10YR 4/3) silty clay 
loam; very dark grayish-brown (10YR 3/2) coat- 
ings on faces of peds; moderate, fine, granular 
Structure; friable; common, very fine and fine, 
tubular pores; strongly acid; clear, wavy boundary. 
B22—14 to 19 inches, dark-brown (10YR 4/3) silty clay 
loam; dark grayish-brown (10YR 4/2) coatings on 
faces of peds; common, medium, faint, grayish- 
brown (10YR 5/2) mottles; moderate, fine, sub- 


angular blocky structure; friable; strongly acid; 
clear wavy boundary. 

В23—19 to 25 inches, brown (10YR 5/3) heavy silt loam; 
common, medium, faint, grayish-brown (10YR 5/2) 
mottles; weak, medium, subangular blocky struc- 
ture; friable; common, very fine and fine, tubular 
pores; strongly acid; abrupt, wavy boundary. 

IIB24—25 to 30 inches, yellowish-brown (10YR 5/4) loam; 
thick, grayish-brown (2.5Y 5/2) coatings on faces 
of peds and in pores; moderate, medium, sub- 
angular blocky structure; firm; common, very fine 
and fine, tubular pores; about 10 percent coarse 
fragments; thin stone line in upper part; strongly 
acid; clear, wavy boundary. 

IIB25—30 to 38 inches, yellowish-brown (10YR 5/4) loam; 
thick, grayish-brown (2.5Y 5/2) coatings on faces 
of peds and in pores; weak, medium, prismatic 
Structure parting to moderate, medium, subangu- 
lar blocky; firm; few, very fine, fine, and medium, 
tubular pores; about 4 percent coarse fragments; 
medium acid; clear, wavy boundary. 

IIB3— 38 to 48 inches, yellowish-brown (10YR 5/6) loam; 
thick, grayish-brown (2.5Y 5/2) coatings on faces 
of peds and in pores; common, fine, distinct, strong- 
brown (7.5YR 5/8) mottles; weak, coarse, pris- 
matic structure; few very fine, fine, and medium 
pores; medium acid; gradual, irregular boundary. 

IIC—48 to 60 inches, yellowish-brown (10YR 5/6) loam; 
grayish-brown (2.5Y 5/2) coatings along oblique 
partings; massive; firm; moderately alkaline; 
slightly effervescent. 


The solum thickness, or the depth to free carbonates, 
ranges from 40 to 55 inches. The loess mantle ranges from 
22 to 28 inches in thickness. The A horizon ranges from 10 to 
16 inches in thickness. The Ap or A1 horizon is black or very 
dark brown silt loam or silty clay loam. The B2 horizon 
ranges from grayish brown or dark grayish brown to dark 
brown or brown. It has few to many, faint, grayish-brown 
or gray mottles. It is heavy silt loam or silty clay loam. The 
IIB horizon ranges from yellowish brown to brown. It is 
loam or light clay loam. The content of gravel below the 
stone line ranges from to 4 to 8 percent. 

The Klinger soils in Goodhue County do not have the ap- 
preciable amount of translocated clay in the B horizon that 
is defined in the range for the series. This difference does 
not appreciably affect use or behavior of the soils. 

Klinger soils are near Maxfield and Kasson soils. They 
are better drained than Maxfield soils and lack the gray 
colors in the B horizon that Maxfield soils have. They have 
a thicker Al horizon, АЗ horizon, and overall silty mantle 
than Kasson soils. 


Klinger silty clay loam, 1 to 3 percent slopes (КоА). 
—This soil is on broad glacial uplands. Most areas are 
on side slopes adjoining wet soils in drainageways, but 
some are on slightly convex rises surrounded by Max- 
field soils. Areas range from 2 to 100 acres in size. 
Slopes are mostly smooth and range from 100 to 600 
feet in length. Included in mapping are areas of Max- 
field soils in some low areas. 

Wetness can delay early fieldwork needed to meet 
planting schedules, limit fieldwork needed to control 
weeds and pests, and delay harvesting. Because of wet- 
ness, artificial drainage is used in some areas. 

This soil is well suited to and used for most crops 
grown in the county, especially corn and soybeans. Sep- 
tic tank absorption fields are difficult to maintain be- 
cause permeability is moderately slow. Capability unit 
1-2; woodland group 2; community development group 
5; outdoor recreation group 4. 


Lawson Series 


The Lawson series consists of nearly level, somewhat 
poorly drained soils on flood plains of major streams. 
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These soils formed in alluvium. The native vegetation 
was tall prairie grasses. 

In a representative profile the surface layer is very 
dark brown and very dark grayish-brown silt loam 
about 28 inches thick. The subsoil is grayish-brown, fri- 
able silt loam about 15 inches thick. The underlying 
material is grayish-brown silt loam. 

Permeability is moderate, and available water capac- 
ity is very high. The content of organie matter is high. 
The content of available phosphorus is medium, and 
that of potassium is low. A water table is at a depth of 
5 to 7 feet. 

Most areas are used for crops. These soils are well 
suited to corn and soybeans. The main limitation is the 
hazard of flooding. 

Representative profile of Lawson silt loam, 365 feet 
south and 330 feet west of the northeast corner of 
NWIANWI4 sec. 17, T. 111 N., В. 16 W. 


Ар--0 to 7 inches, very dark brown (10YR 2/2) silt loam; 
weak, very fine, granular structure; friable; neu- 
tral; abrupt, wavy boundary. 

А12—7 to 17 inches, very dark brown (10YR 2/2) silt loam; 
weak, very fine, granular structure; friable; neu- 
tral; clear, wavy boundary. 

A13—17 to 23 inches, very dark grayish-brown (10YR 3/2) 
silt loam; very dark brown (10YR 2/2) coatings on 
faces of peds; moderate, very fine, angular blocky 
structure; many, very fine, fine, and medium, tubu- 
lar pores; neutral; clear, wavy boundary. 

A8—23 to 28 inches, very dark grayish-brown (10YR 3/2) 
silt loam; many, very dark brown (10YR 2/2) and 
dark grayish-brown (10YR 4/2) worm casts and 
fillings in burrows of rodents; moderate, very fine, 
angular blocky structure; friable; many, very fine 
and fine, tubular pores; neutral; clear, wavy bound- 


ary. 

B21—28 to 33 inches, grayish-brown (10YR 5/2) silt loam; 
dark grayish-brown coatings on faces of peds; mod- 
erate, fine, subangular blocky structure; friable; 
common, very fine and fine, tubular pores; neutral; 
clear, wavy boundary. 

В22- 33 to 43 inches, grayish-brown (2.5Y 5/2) silt loam; 
weak, medium and coarse, subangular blocky struc- 
ture; friable; common, very fine and fine, tubular 
pores; neutral; clear, wavy boundary. 

C—43 to 60 inches, grayish-brown (2.5Y 5/2) silt loam; 
massive; very friable; moderately alkaline; slightly 
effervescent. 


The solum ranges from 40 to 60 inches in thickness. Depth 
to free carbonates ranges from 40 to 70 inches. The A 
horizon ranges from 25 to 40 inches in thickness. The Ap 
or Al horizon ranges from black or very dark brown to very 
dark gray or very dark grayish brown. It is silt loam or 
silty clay loam. The B horizon is grayish brown, dark gray- 
ish brown, or in some places, brown. The C horizon is gray- 
ish brown or brown. It ranges from neutral to moderately 
alkaline. In some places, a sandy or gravelly substratum be- 
gins at a depth that ranges from 60 to 80 inches. 

Lawson soils are near Bremer and McPaul soils. They are 
not so wet as Bremer soils. They do not have the free car- 
шие in the А horizon, which are characteristic of McPaul 
Soils. 


Lawson silt loam (0 to 2 percent slopes) (La).— This 
soil is on high bottoms of flood plains along major 
streams. It is adjacent to McPaul soils and Alluvial 
land on first bottoms. Areas range from 2 to 50 acres 
in size. 

The main limitation is the moderate hazard of flood- 
ing. Flooding is infrequent and occurs after heavy rain 
or heavy spring snowmelt. 

This soil is well suited to and used for crops, espe- 
cially corn and soybeans. Flood damage has not been 
severe enough to prevent cropping. Capability unit Hw- 


2; woodland group 8; community development group 1; 
outdoor recreation group 2. 


Lilah Series 


The Lilah series consists of nearly level to very steep, 
excessively drained soils. These soils are on stream 
benches along major rivers and on some isolated knolls 
in loess and glacial uplands. They formed in gravelly 
and sandy outwash. The native vegetation was hard- 
wood forest. 

In a representative profile the surface layer is very 
dark brown sandy loam about 7 inches thick. The sub- 
soil, about 38 inches thick, is dark reddish-brown, very 
friable and loose loamy coarse sand in the upper part 
and dark-brown gravelly coarse sand in the lower part. 
The underlying material is brown and grayish-brown 
gravelly coarse sand. 

Permeability is rapid, and available water capacity 
is very low and low. The content of organie matter is 
moderate. The content of available phosphorus and 
potassium is low. 

Most areas are used for crops, pasture, woodland, or 
residential areas. The main limitations are hazards of 
drought and erosion, · 

Representative profile of Lilah sandy loam, 0 to 6 
percent slopes, in an idle area 1,210 feet south and 
1,190 feet west of the northwest corner of NW14 sec. 
31, T. 112 N., R. 12 W. 


Ар--0 to 7 inches, very dark brown (10YR 3/2) sandy loam; 
weak, very fine, granular structure; very friable; 
about 5 percent gravel; slightly acid; abrupt, 
smooth boundary. 

B21t—7 to 13 inches, dark reddish-brown (БУК 3/2) loamy 
coarse sand; weak, fine, subangular blocky struc- 
ture; very friable; common, black (10YR 2/1) root 
mixings 2 to 5 millimeters in diameter; many mod- 
erately thick clay bridgings between sand grains; 
about 15 percent gravel; slightly acid; abrupt, wavy 
boundary. 

B22t—13 to 20 inches, dark reddish-brown (5YR 3/3) loamy 
coarse sand; weak, coarse, subangular blocky struc- 
ture; loose; many thin clay bridgings between sand 
grains; about 5 percent gravel; medium acid; 
abrupt, wavy boundary. 

B3—20 to 45 inches, dark-brown (2.5YR 4/4) gravelly 
coarse sand; single grained; loose; medium acid; 
clear, wavy boundary. 

C1—45 to 55 inches, brown (7.5УВ 5/4) gravelly coarse 
sand; single grained; loose; slightly acid; clear, 
wavy boundary. 

C2— 55 to 65 inches, brown (7.5 YR 5/4) and grayish-brown 
(10YR 5/2) gravelly coarse sand; single grained; 
loose; mildly alkaline. 


The solum ranges from 30 to 50 inches in thickness. The 
Ар ог А1 horizon is very dark brown, very dark grayish- 
brown, or dark-brown sandy loam or loam. It ranges from 
4 to 8 inches in thickness. It is medium acid to neutral. The 
B horizon ranges from 5 to 30 percent gravel. The B2 horizon 
ranges from dark brown to dark reddish brown. It is loamy 
sand, loamy coarse sand, gravelly loamy sand, or gravelly 
loam. It ranges from strongly acid to slightly acid. The B3 
horizon is gravelly loam, loamy coarse sand, or gravelly 
coarse sand. The C horizon is brown, grayish brown, or 
yellowish brown. It ranges from gravelly coarse sand to 
gravel or coarse sand. It ranges from medium acid to mildly 
alkaline. 

The Lilah soils in Goodhue County are less acid in the 
solum and C horizon than is defined in the range for the 
series. This difference does not appreciably alter their use 
or behavior. 

Lilah soils are near Burkhardt and Dakota soils and are 
Similar to Salida soils. They contain less clay and more 
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sand in the B horizon than Dakota soils. They have appreci- 
able amounts of translocated clay in the B horizon, whereas 
Burkhardt soils do not. They have a thieker solum that con- 
tains more silt and clay than Salida soils. 

Lilah sandy loam, 0 to 6 percent slopes (LIA)—This 
soil is on parts of broad benches along major streams. 
It is adjacent to Burkhardt soils. Areas range from 2 
to 50 acres in size. This soil has the profile described as 
representative of the series. 

Because available water capacity is very low and low, 
the main limitation is the severe hazard of drought. 
Runoff is slow, and most of it is absorbed because the 
rate of infiltration is high and permeability is very 
rapid. This soil is susceptible to soil blowing in areas 
that lack sufficient vegetation. Natural fertility is low. 

This soil is woodland, pasture, or idle, and some areas 
are used as a souree of sand or gravel. It is poorly 
suited to crops. Where the soil is used as a septic tank 
absorption field and the water table is below a depth of 
20 feet, pollution of ground water is a hazard because 
the underlying material is rapidly permeable. Capabil- 
ity unit IVs-1; woodland group 4; community develop- 
ment group 3; outdoor recreation group 11. 

Lilah sandy loam, 6 to 35 percent slopes (LID).—This 
soil is on escarpments and sides of gravelly knolls on 
broad uplands. Areas range from 2 to 20 acres in size. 
This soil has a profile similar to that described as rep- 
resentative of the series, but the surface layer and sub- 
soil contain more gravel and cobblestones. 

The main limitation is the severe hazard of drought, 
caused by the low and very low available water сарас- 
ity and the hazard of erosion in areas exposed by deep 
cuts or excavations. Surface runoff is medium or rapid. 
Natural fertility is low. 

Most of the acreage is idle or in pasture. Some areas 
are woodland or are used for crops. This soil should be 
converted to woodland. Some areas are used as a source 
of sand and gravel, although they contain a high quan- 
tity of plastic fines that limits use. Capability unit VIIs- 
1; woodland group 4; community development group 9; 
outdoor recreation group 13. 


Lindstrom Series 


The Lindstrom series consists of gently sloping to 
steep, well-drained soils on concave foot slopes at the 
base of walls of stream valleys. These soils formed in 
loess. The native vegetation was tall prairie grasses. 

In a representative profile the surface layer is black, 
very dark brown, and very dark grayish-brown silt 
loam about 29 inches thick. The subsoil is dark-brown 
and dark yellowish-brown, friable silt loam about 31 
inches thick. The underlying material is yellowish- 
brown loam. 

Permeability is moderate, and available water capac- 
ity is very high. The content of organic matter is high. 
The content of available phosphorus is medium, and 
that of potassium is low. 

Most areas are used for crops or pasture. The main 
limitation is the hazard of erosion. 

Representative profile of Lindstrom silt loam, 6 to 12 
percent slopes, in an orchard 240 feet east and 1,040 
feet north of the center of sec. 11, T. 112 N., R. 14 W. 

Ар—0 to 9 inches, black (10YR 2/1) silt loam; weak, very 


fine, granular structure; friable; slightly acid; 
abrupt, wavy boundary. 


۸12-9 to 22 inches, very dark brown (10YR 2/2) silt loam; 
black (10YR 2/1) coatings on faces of peds; mod- 
erate, very fine, granular structure; friable; 
slightly acid; clear, wavy boundary. 

A3—22 to 29 inches, very dark grayish-brown (10YR 3/2) 
silt loam; very dark brown (10YR 2/2) coatings on 
faces of peds; moderate, fine, subangular blocky 
Structure; friable; common black tongues; com- 
mon pores; few, patchy, porous coatings on faces 
of peds; medium acid; gradual, wavy boundary. 

B21—29 to 38 inches, dark-brown (10YR 3/3) silt loàm; 
very dark grayish-brown (10YR 3/2) coatings on 
faces of peds; moderate, medium, subangular blocky 
structure; friable; common pores; common black 
fillings in old root channels and worm holes; me- 
dium acid; clear, wavy boundary. 

B22—38 to 44 inches, dark-brown (10YR 4/3) silt loam; 
very dark grayish-brown (10YR 3/2) coatings on 
faces of peds; moderate, medium, subangular blocky 
structure; friable; common, variable-sized pores; 
medium acid; clear, wavy boundary. 

B23—44 to 60 inches, dark yellowish-brown (10YR 4/4) silt 
loam; moderate, medium, subangular blocky struc- 
ture; friable; common, variable-sized pores; few 
thin clay films in old root channels; slightly acid; 
abrupt, wavy boundary. 

С--60 to 70 inches, yellowish-brown (10YR 5/4) loam; mas- 
sive; very friable; neutral. 


The solum ranges from 50 to 70 inches in thickness. Depth 
to free carbonates ranges from 50 to 80 inches. The A hori- 
zon is medium acid to neutral. The Ар or А1 horizon is 
black or very dark brown. The A3 horizon is commonly silt 
loam, but in some places it is loam that has a high content 
of very fine sand. The B horizon is very dark grayish brown 
to dark grayish brown. It has moderate to weak, medium, 
subangular blocky structure. The B horizon is mainly 
slightly acid to medium acid. The C horizon is yellowish 
brown or pale brown. It is silt loam that has a high content 
of coarse silt and very fine sand or loam. 

Lindstrom soils are near Terril and Port Byron soils. They 
contain more silt and less sand than Terril soils. They have a 
thicker A horizon than Port Byron soils. 


Lindstrom silt loam, 2 to 6 percent slopes (LnB)—This 
soil is on foot slopes near the base of valley walls. 
Areas are concave and saucer shaped and collect runoff 
from soils upslope. They range from 2 to 30 acres in 
size. Slopes range from 100 to 300 feet in length. In- 
cluded in mapping are some areas of Chaseburg soils on 
toe slopes and in natural drainageways. 

Because runoff from soils upslope collects on areas 
of this soil, the main limitation is the moderate hazard 
of erosion. Surface runoff is medium. Fertility is medi- 
um, and tilth is easy to maintain. The main manage- 
ment need is to contain runoff from soils upslope by 
terracing. Erosion control, maintenance of fertility, 
and properly managed vegetation on the valley walls 
are needed. 

Most of the acreage is used for crops, pasture, or 
woodland. The soil is well suited to crops. Capability 
unit IIe-1; woodland group 1; eommunity develop- 
ment group 6; outdoor recreation group 5. 

Lindstrom silt loam, 6 to 12 percent slopes у ш 
This soil is on concave foot slopes at Ше base of valley 
walls. Most areas are just above and contiguous with 
less sloping Lindstrom soils or Chaseburg soils in 
natural drainageways. Areas range from 2 to 30 acres 
in size. Slopes range from 100 to 800 feet in length. This 
soil has the profile described as representative of the 
series, 

The main limitations are the hazards of erosion from 
runoff that collects on areas of this soil and erosion 
from rilling in cultivated fields. Surface runoff is me- 
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dium. Fertility is medium, and tilth is easy to maintain. 
The main management need is to contain surface run- 
off from soils upslope by use of terraces and dams. Soil 
conserving practices and maintenance of fertility are 
also needed. 

Most of the acreage is used for crops, pasture, or 
woodland. The soil is well suited to corn and small 
grain. Capability unit IIIe-1; woodland group 1; com- 
munity development group 6; outdoor recreation group 


Lindstrom silt loam, 12 to 25 percent slopes 4 ее 
This soil is on concave foot slopes at Ше base of valley 
walls. Most areas are above or surround less sloping 
Lindstrom soils. They collect runoff from soils upslope. 
Areas range from 2 to 80 acres in size. Slopes range 
from 100 to 300 feet in length. This soil has a profile 
similar to that described as representative of the series, 
but the surface layer is thinner. Included in mapping 
are areas of very steep Lindstrom soils and some areas 
of Terril, Bold, and Timula soils. 

The main limitations are the severe hazards of ero- 
sion from runoff that collects on areas of this soil and 
erosion from rilling in cultivated fields. Surface runoff 
is medium to rapid. Fertility is medium. The main man- 
agement need is to contain surface runoff from soils 
upslope by use of terraces and dams. Conservation and 
maintenance of fertility are needed also. 

Most of the асгеаре is used for crops, pasture, or 
woodland. The soil is better suited to pasture than to 
crops, but it is well suited to corn, small grain, and hay 
if properly managed. Capability unit IVe-1; woodland 
group 1; community development group 8; outdoor rec- 
reation group 6. 


Marlean Series 


The Marlean series consists of steep and very steep, 
well-drained soils on convex slopes of valley walls. 
These soils formed in a thin loamy mantle and bedrock 
residuum. The native vegetation was deciduous forest. 

In a representative profile the surface layer is black 
and very dark grayish-brown silt loam about 12 inches 
thick. The subsoil is dark yellowish-brown, friable 
flaggy sandy loam about 6 inches thick. The underlying 
material is dark-brown, friable flaggy sandy loam. Bed- 
rock is at a depth of 4 to 10 feet (fig. 8). 

Permeability is moderately rapid, and available water 
capacity is low. The content of organic matter is mod- 
erate. The content of available phosphorus and potas- 
sium is low. 

Most areas are forest or pasture. The main limita- 
tion is the hazard of erosion. 

Representative profile of Marlean soils, very steep, in 
an area of Marlean silt loam, in a wooded area 870 feet 
west and 240 feet north of the southwest corner of 
SEY, sec. 23, T. 112 N., R. 13 W. 

A1—0 to 6 inches, black (10YR 2/1) silt loam; weak, 
very fine, granular structure; friable; many roots; 
mildly alkaline; clear, wavy boundary. 

АЗ- 6 to 12 inches, very dark grayish-brown (10YR 3/2) 
silt loam; very dark brown (10YR 2⁄2) coatings 
on faces of peds; weak, fine, subangular blocky 
strueture; friable; many roots; mildly alkaline; 
clear, irregular boundary. 

IIB2—12 to 18 inches, dark yellowish-brown (10YR 3/4) 
flaggy sandy loam; dark-brown (7.5YR 4/4) coat- 
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Figure 8.— А typical profile of Marlean soils, very steep. 


ing on fragments; massive; friable; common roots; 
about 50 percent coarse fragments, mostly flag- 
Stones and some channers; mildly alkaline; gradual, 
irregular boundary. 

IIC—18 to 60 inches, dark-brown (7.5YR 4/4) flaggy sandy 
loam; massive; friable; 50 percent coarse frag- 
ments, mostly flagstones and some channers; mod- 
erately alkaline; slightly effervescent. 

The solum ranges from 15 to 25 inches in thickness. Depth 
to bedrock ranges from 4 to 10 feet. The À horizon is loam, 
silt loam, or sandy loam. The А1 horizon ranges from 5 to 
10 inches in thickness and from black to very dark brown in 
eolor. The АЗ horizon is 4 to 6 inches thick. A thin, dark- 
brown loam or sandy loam B2 horizon is in some places. The 
IIB and IIC horizons are flaggy loam or flaggy sandy loam. 
They range from 35 to 60 percent coarse fragments. The 
IIC horizon is dark brown, brown, or yellowish brown. 

Marlean soils are near Brodale, Copaston, Dubuque, and 
Frontenac soils. They do not have free carbonates in the 
upper part of the profile, which is characteristic of Brodale 
soils. They are deeper over limestone bedrock than Copaston 
and Dubuque soils. They have a thinner B horizon than 
Frontenac soils. 


Marlean soils, steep (25 to 40 percent slopes) (MaE). 
—These soils are on north-facing and east-facing valley 
walls that are mostly upstream from major rivers. 
Areas extend from the base of the ridgetop to the valley 
floor, and elevations vary from 75 to 150 feet. 

Marlean soils make up about 60 percent of this unit, 
and Copaston, Dubuque, Frontenae, and Whalan soils, 
about 40 percent. The Copaston, Dubuque, or Whalan 
soils are on the upper part of the valley walls and the 
Frontenac soils are on the lower part. Included in 
mapping are some areas of Alluvial land, sloping, in 
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small ravines; areas of bedrock outerop; and areas of 
more sloping soils. The bedrock outerops are of the 
Galena, Platteville, and Shakopee Formations. 

Runoff is rapid and very rapid, and it is highest in 
areas that are grazed or have had excessive traffic. The 
best means to slow and contain runoff is to maintain 
good stands of woodland. The forest floor is generally 
very spongelike because of a mulch of leaves and under- 
story growth, and it absorbs a large amount of precipi- 
tation and runoff. Grazing greatly disturbs this mulch. 
The spongelike forest floor also aids in the recharge of 
ground water reservoirs of the various bedrock forma- 
tions that outcrop in this unit, This woodland can be 
harvested for timber. Capability unit VIIs—2; wood- 
land group 5; community development group 7; outdoor 
recreation group 12. 

Marlean soils, very steep (40 to 80 percent slopes 
(MaF).— These soils are on north-facing and east-facing 
valley walls, principally along major rivers and along 
deep, side-valley tributaries. Areas extend from the 
base of ridgetops to the valley floor, and local relief 
varies from 150 to 400 feet in elevation. 

Marlean soils make up about 60 percent of this unit 
and have the profile described as representative of the 
series. The remaining 40 percent is Copaston, Dubuque, 
or Whalen soils. Included in mapping are areas of rock 
outcrops that are indicated on the detailed soil map by 
the symbols for escarpment or rock outcrop. The bed- 
rock outerop is of the Jordan, Oneota, Shakopee, St. 
Peter, Platteville, апа Galena Formations. 

Runoff is rapid and very rapid, and it depends on the 
condition of plant cover. Areas that are grazed or have 
had excessive traffic release runoff at a very high veloc- 
ity, which causes gullying in adjoining soils along the 
lower slopes. The best means to slow and contain run- 
off is to maintain good stands of woodland. The mulch 
of leaves from woodland and the understory growth on 
the forest floor is very spongelike and absorbs a large 
amount of precipitation or runoff. Grazing greatly dis- 
turbs this mulch. The spongelike forest floor also aids 
in the recharge of ground water reservoirs of the vari- 
ous bedrock formations that outcrop in this unit. The 
woodland ean be harvested for timber. Capability unit 
VIIs-2; woodland group 5; community development 
group 7; outdoor recreation group 12. 


Marsh 


Marsh (Ма) consists of a mixture of Bremer, Hough- 
ton, МеРаш, and Orion soils and Alluvial land, fre- 
quently flooded. These soils make up the land bridges 
between areas of shallow lakes and ponds that are part 
of the water table. This land type is part of the flood 
plain of major rivers and is flooded by runoff in spring. 
Slope is less than 2 percent. 

The central part of delineations is commonly open 
water, but vegetation is in the shallower areas in the 
center and around the edges. This vegetation consists 
of cattails, reeds, sedges, and other water-tolerant 
plants. 

Marsh is suitable for wildlife. It is poorly suited to 
pasture, but wild hay can be cut along some of the 
edges. Capability unit VIILw-1; woodland group 9; 
community development group 1; outdoor recreation 
group 3. 


Maxfield Series 


The Maxfield series consists of nearly level and de- 
pressional, poorly drained and very poorly drained soils 
in natural drainageways of very gently rolling glacial 
uplands. These soils formed in loess and glacial till. 
The native vegetation was wet prairie. 

In a representative profile the surface layer is black 
and very dark gray silty clay loam about 11 inches 
thick. The upper 23 inches of the subsoil is dark-gray 
and olive-gray, mainly slightly sticky silty clay loam 
and silt loam; the lower 11 inches formed in glacial 
till and is mottled yellowish-brown, firm loam. The un- 
derlying material is yellowish-brown loam that has 
gray mottles. 

Permeability is moderately slow, and available water 
capacity is high to very high. The content of organic 
matter is high. The content of available phosphorus 
and potassium is low. À seasonal water table is at a 
depth of 1 foot to 3 feet. 

Most areas are used for crops or pasture. These soils 
are well suited to corn and soybeans. The main limita- 
tion is the hazard of wetness. 

Representative profile of Maxfield silty clay loam, in 
a cultivated field about 250 feet south and 450 feet east 
of иа northwest corner of SWI, sec. 22, T. 109 N., В. 
18 W. 


Ар--0 to 8 inches, black (N 2/0) silty clay loam; moderate, 
fine, subangular blocky structure parting to weak, 
very fine, granular; slightly sticky; neutral; 
abrupt, wavy boundary. 

АЗ—8 to 11 inches, very dark gray (5Y 3/1) silty clay loam; 
black (5Y 2/1) coatings on faces of peds; weak, 
medium, subangular blocky structure; slightly 
Sticky; few, fine, tubular pores; neutral; abrupt, 
wavy boundary. 

B21g—11 to 16 inches, dark-gray (5Y 4/1) silty clay loam; 
very dark gray (5Y 3/1) coatings on faces of peds; 
few, fine, distinct, very dark grayish-brown (10YR 
3/2) mottles; weak, medium, subangular blocky 
structure; slightly sticky; few, fine, tubular pores; 
neutral; clear, wavy boundary. 

B22g—16 to 23 inches, olive-gray (5Y 5/2) silt loam; com- 
mon dark-gray (5Y 4/1) coatings on faces of peds; 
few, fine, distinct, dark yellowish-brown (10YR 
4/4) mottles; weak, medium, subangular blocky 
structure; slightly sticky; few, fine, soft, dark- 
colored masses; mildly alkaline; clear, wavy bound- 


ary. 

B23g—23 to 34 inches, olive-gray (БҮ 5/2) silt loam; many, 
fine, distinct, yellowish-brown (10YR 5/4) mottles; 
weak, medium, subangular blocky structure; fri- 
able: common, fine, dark-colored masses; mildly 
alkaline; abrupt, wavy boundary. 

IIB24—34 to 38 inches, yellowish-brown (10YR 5/4) loam; 
many, fine, distinct, gray (bY 5/1) coatings on 
faces of peds; weak, coarse, subangular blocky 
structure; firm; about 10 percent coarse fragments; 
mottles; mildly alkaline; clear, wavy boundary. 

IIB3—38 to 45 inches, yellowish-brown (10YR 5/4) loam; 
many, medium, distinct, gray (5Y 5/1) mottles; 
weak, coarse, prismatic structure; firm; about 5 
percent coarse fragments; mildly alkaline; clear, 
wavy boundary. 

IIC—45 to 70 inches, yellowish-brown (10YR 5/4) loam; 
common, medium, distinct, gray (БҮ 5/1) mottles; 
massive; firm; about 5 percent coarse frag- 
ments; slightly effervescent; mildly alkaline. 


The thickness of the solum, or depth to free carbonates, 
ranges from 35 to 50 inches. The silty mantle ranges from 
24 to 40 inches in thickness. The A horizon ranges from 
10 to 20 inches in thickness. It is silty clay loam or heavy silt 
loam. The B2g horizon ranges from gray or dark gray to 
olive gray. It has few to many, distinct or prominent mottles. 
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It ranges from neutral to mildly alkaline. The IIB and IIC 
horizons are brown or yellowish brown and have common 
to many, faint or distinct mottles. These horizons range 
from 8 to 10 percent gravel. In some places the upper part 

. of the IIB horizon was gravelly sandy loam, gravelly loamy 

coarse sand, or gravelly coarse sand. 

Maxfield soils are near Klinger and Skyberg soils and 
are similar to Garwin soils. They are wetter and have a 
grayer B horizon than Klinger and Skyberg soils. In con- 
trast with Garwin soils, they do not have silty material in 
the C horizon. 

Maxfield silty clay loam (0 to 2 percent slopes) (Mf].— 
This soil is on smooth side slopes adjacent to wet drain- 
ageways and broad flats in the glacial uplands. Areas 
range from 2 to 200 acres in size. This soil has the 
profile described as representative of the series. In- 
cluded in mapping are some areas of Canisteo soils and 
Maxfield silty clay loam, swales. 

The main limitation is the hazard of wetness. Sur- 
face runoff is slow. А seasonal water table at a depth of 
1 foot to 3 feet restricts root development and makes 
this soil very difficult to manage in wet periods. The 
surface layer becomes hard and cloddy if worked when 
too wet. The main management needs are artificial 
drainage and improvement of tilth. Waterways are 
needed to contain and carry off surface runoff. 

Most of the acreage is used for crops or pasture. 
Adequately drained areas are well suited to crops, 
especially corn and soybeans. Capability unit IIw-1; 
woodland group 9; community development group 2; 
outdoor recreation group 3. 

Maxfield silty clay loam, swales (Mo).—This depres- 
sional soil is in hummocky, wet drainageways in glacial 
uplands. Areas are generally long and narrow, but they 
are wider in upper reaches of drainageways. This soil 
is subject to frequent overflow by runoff from adjacent, 
upland soils. This soil has a profile similar to that de- 
scribed as representative of the series, but the content 
of organic matter is higher. Also, gravelly coarse sandy 
loam or gravelly loamy coarse sand, 6 to 20 inches thick, 
is between the loess and the till. Included in mapping are 
some areas of soils that have 10 to 30 inches of muck 
over loess and glacial till. 

The main limitation is the severe hazard of wetness. 
This soil is also subject to frequent flooding. Surface 
runoff is slow ; some areas are ponded, and only small 
amounts of runoff are absorbed in the soil. This soil 
ean be artificially drained. Waterways are needed to 
contain surface runoff. 

Most of the acreage is used as pasture. Some areas 
are used for crops, especially corn and soybeans. A 
probable use of some of this soil is as an outlet for 
artificial drainage systems in uplands. This soil also 
has potential as wildlife habitat areas, and habitat and 
outlet areas should be developed together. Capability 
unit IITw-1; woodland group 9; community develop- 
ment group 2; outdoor recreation group 3. 


McPaul Series 


The McPaul series consists of nearly level, moder- 
ately well drained soils on flood plains of major 
streams. These soils formed in recent alluvium. The 
native vegetation was grasses. 

In a representative profile the surface layer is very 
dark grayish-brown silt loam about 12 inches thick. 
The underlying material is stratified very dark grayish- 


brown and grayish-brown silt loam about 18 inches 

thick. Below this is a buried soil that is black and very 

dark gray loam and silt loam and is about 30 inches 
ick. 

Permeability is moderate, and available water ca- 
pacity is very high. The content of organic matter is 
moderate. The content of available phosphorus and 
potassium is low. The content of lime is high. A water 
table is at a depth of 5 to 7 feet. 

Most areas are used for pasture, and some areas are 
used for crops. The main limitation is the hazard of 
flooding. 

Representative profile of McPaul silt loam, in a pas- 
ture 200 feet west and 150 feet south of the northeast 
corner of SE14SW1⁄ sec. 20, T. 111 N., R. 16 W. 


А1—0 to 12 inches, very dark grayish-brown (10YR 3/2) 
silt loam; common, thin strata of grayish brown 
(10YR 5/2); moderate, medium, platy structure 
parting to moderate, very fine, granular; very fri- 
able; many, very fine, fine, and medium, tubular 
pores; many roots; mildly alkaline; slightly effer- 
vescent; clear, wavy boundary. 

C1—12 to 22 inches, very dark grayish-brown (10YR 3/2) 
silt loam; few, thin strata of grayish-brown (10YR 
5/2); moderate, medium, platy structure parting 
to moderate, fine, granular; very friable; many, 
very fine, fine, and medium, tubular pores; mildly 
alkaline; slightly effervescent; clear, wavy bound- 
ary 

02-22 to 30 inches, very dark gray (10YR 3/1) silt loam; 
many, very thin strata of grayish brown (10УК 
5/2); moderate, thin, platy structure parting to 
moderate, very fine, granular; very friable; mildly 
alkaline; slightly effervescent; clear, wavy bound- 


ary. 

AÀb— 30 to 42 inches, black (10YR 2/1) loam, common; fine, 
distinct, dark-brown (7.5 YR 3/2 or 4/4) mottles; 
weak, medium, subangular blocky structure; very 
friable; many, very fine and fine, tubular pores; 
mildly alkaline; slightly effervescent; clear, wavy 
boundary. 

C3—42 to 60 inches, very dark gray (10YR 3/1) stratified 
loam and silt loam; many, medium, dark-brown 
(7.5YR 4/4) mottles; weak, medium, subangular 
blocky structure; very friable; many, fine and very 
fine, tubular pores; mildly alkaline; strongly effer- 
vescent. 


The stratified sediment ranges from 30 to 65 inches in 
thickness. The matrix ranges from very dark gray to dark 
grayish brown. Lighter colored strata of gray or grayish 
brown are thin or very thin and range from few to many. 
Sediment mostly is silt loam, although in some places few 
to many thin strata of fine or very fine sandy loam or loam 
occur. À buried Ab horizon, as much as 30 inches thick, 
begins at a depth below 30 inches in some places. It is black 
or very dark brown loam, silt loam, or silty clay loam. 

МсРаш soils are near Lawson and Radford soils and are 
similar to Chaseburg soils. They have free lime throughout, 
and the other soils do not have free lime unless it is at a 

` considerable depth. They contain less clay than Lawson and 
Radford soils. 


МеРаш silt loam (0 to 2 percent slopes) (Mp).—This 
soil is on narrow first bottoms along meandering 
stream channels. Areas range from 200 to 1,000 feet 
in width and from 5 to 100 acres in size. Along the 
outer edge of this soil are more sloping soils or soils 
on bottoms or terraces at higher elevations. Floods 
result from snow melt or heavy rain showers, during 
which runoff collects in watershed areas that are com- 
monly larger than 2 square miles. Flooding is frequent, 
and periods range from 1 or 2 hours to as much as 1 or 
2 days. The soil receives sediment from these floods 
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(fig. 9). Included in mapping are a few small areas of 
Chaseburg soils. 

The main limitation is the severe hazard of flooding. 
This soil is also subject to seouring, stream-bank ero- 
sion, and sedimentation. 

This soil is mostly used for pasture, and it is well 
suited to this use. Areas where runoff is controlled can 
be used for crops. Under proper management, some 
areas on bottom lands ean be used for hardwoods. 
Capability unit 11w—3; woodland group 7; community 
development group 1; outdoor recreation group 1. 


Mt. Carroll Series 


The Mt. Carroll series consists of nearly level to 
moderately sloping, well-drained soils on summits of 
broad uplands and on benches of streams. These soils 
formed in loess. The native vegetation was deciduous 
hardwoods and grasses. 


Figure 9.—Profile of McPaul silt loam on a meandering channel 
exposure. 


In a representative profile the surface layer is very 
dark brown silt loam about 7 inches thick, and the 
subsurface layer is dark grayish-brown silt loam about 
5 inches thick. The subsoil is dark-brown to yellowish- 
brown, mainly friable silt loam about 29 inches thick. 
The underlying material is mainly yellowish-brown 
silt loam. 

Permeability is moderate, and available water capac- 
ity is very high. The content of organie matter is mod- 
erate. The content of available phosphorus is medium, 
and that of potassium is low. 

Most areas are used for crops or pasture. These soils 
are well suited to most erops commonly grown in the 
county. The main limitation is the hazard of erosion. 

Representative profile of Mt. Carroll silt loam, 2 to 6 
percent slopes, in а cultivated field 120 feet north of 
the шеи corner of SWÓIANEL, sec. 19, T. 110 N., 
R. 17 W. 


Ар--0 to 7 inches, very dark brown (10YR 2/2) silt loam; 
moderate, fine, granular structure; friable; neu- 
tral; abrupt, smooth boundary. 

A2—7 to 12 inches, dark grayish-brown (10YR 4/2) silt 
loam; very dark grayish-brown (10YR 3/2) coat- 
ings on faces of peds; moderate, fine, granular 
structure and moderate, very fine, subangular 
blocky; friable; medium acid; clear, wavy bound- 


ary. 

B21t—12 to 23 inches, dark-brown (10YR 4/3) heavy silt 
loam; moderate, fine, subangular blocky structure; 
friable; very thin, bleached, silty coatings and few 
thin clay films on faces of peds; many, very fine, 
fine, and medium, continuous, tubular pores; me- 
dium acid; clear, wavy boundary. 

B22t—23 to 33 inches, dark yellowish-brown (10YR 4/4) silt 
loam; dark-brown (10YR 4/3) coatings on faces 
of peds; moderate, medium, subangular blocky 
Structure; friable; very thin, bleached, silty coat- 
ings and few thin clay films on faces of peds; many, 
very fine, fine, and medium, continuous, tubular 
pores; medium acid; clear, wavy boundary. 

B3—33 to 41 inches, yellowish-brown (10YR 5/4) silt loam 
high in content of coarse silt; weak, medium and 
coarse subangular blocky structure; common, me- 
dium and coarse, continuous, tubular pores; very 
friable; medium acid; diffuse, wavy boundary. 

C1—41 to 68 inches, yellowish-brown (10YR 5/4) light silt 
loam; massive; very friable; slightly acid; clear, 
wavy boundary. 

C2—68 to 83 inches, mottled yellowish-brown (10YR 5/4) 
and grayish-brown (2.5Y 5/2) light silt loam; 
massive; very friable; mildly alkaline; slightly 
effervescent. 


The solum ranges from 30 to 50 inches in thickness. Depth 
to free carbonates ranges from 50 to 70 inches. About 50 to 
65 percent of the silt.size fraction in the solum is fine silt 
less than 20 microns in diameter. However, in the lower 6 to 
10 inches of the solum and in the C horizon, 50 to 70 per- 
cent of the silt fraction is coarse silt more than 20 microns 
in diameter. The Ap or A1 horizon ranges from 6 to 9 inches 
in thickness and ranges from medium acid to neutral. It is 
very dark brown or very dark grayish brown. The A2 
horizon typically is 2 to 6 inches thick, but it is missing in 
Some places. The B2 horizon is 20 to 35 inches thick, is 
dark brown to yellowish brown, and is heavy silt loam. It 
ranges from slightly to strongly acid. The C horizon is 
yellowish brown, brown, or light olive brown. In some 
places it has mottles at a depth below 60 inches. 

Mt. Carroll soils are near Joy and Garwin soils and are 
similar to Port Byron and Seaton soils. They are better 
drained than Joy and Garwin soils. They do not have an 
À2 horizon or it is thinner than that of Seaton soils. They 
= a thinner, dark-colored A horizon than Port Byron 
soils. 


Mt. Carroll silt loam, 0 to 2 percent slopes (MrA).— 
This soil is on crests of broad uplands and some side 
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slopes adjacent to long narrow drainageways. Areas 
range from 2 to 80 acres in size. 

This soil has no serious limitations. Surface runoff 
is medium. Applications of fertilizer and lime are re- 
quired for maximum production. Minimum tillage is 
very effective in containing surface runoff. 

This soil is used mostly for crops, especially field 
corn and sweet corn. Capability unit I-1; woodland 
group 1; community development group 6; outdoor 
recreation group 5. 

Mt. Carroll silt loam, 2 to 6 percent slopes (MrB).— 
This soil is on erests and partly extends onto side slopes 
of broad, loess-covered uplands. Most areas are slightly 
convex and range from 2 to 100 acres in size. This 
soil has the profile described as representative of the 
series. The loess is generally more than 6 feet thick. 
Included in mapping are some areas of Mt. Carroll 
soils that formed in 4 to 6 feet of loess underlain by firm 
loamy glacial till. These areas are mainly in Roscoe 
and Pine Island Townships. 

The main limitation is the slight to moderate hazard 
of erosion. This hazard is most serious in areas on side 
slopes because they are susceptible to more runoff. Sur- 
face runoff is medium and can be controlled by mini- 
mum tillage. Fertility needs to be maintained also. 

Most of the acreage is used for crops, and crops are 
well suited. Some areas are pasture or woodland. Capa- 
bility unit Пе-1; woodland group 1; community devel- 
opment group 6; outdoor recreation group 5. 

Mt. Carroll silt loam, 6 to 12 percent slopes, eroded 
(MrC2).—This soil is on side slopes adjacent to drain- 
ageways on broad uplands. Most areas are slightly con- 
vex. Slopes range from 100 to 300 feet in length. Areas 
range from 2 to 15 acres in size. This soil has a profile 
similar to that described as representative of the se- 
ries, but most of the original surface layer has been 
lost through erosion. This soil formed chiefly in more 
than 6 feet of loess; however, some areas, mainly in 
Roscoe Township, formed in 4 to 6 feet of loess under- 
lain by firm, loamy glacial till. 

The main limitation is the moderate hazard of ero- 
sion. It is most serious in areas that lack plant cover, 
especially during seedbed preparation and early plant 
growth. The hazard of erosion is severe in areas that 
are extensively excavated or graded. The main man- 
agement needs are to minimize erosion and contain 
surface runoff. 

This soil is used for pasture, crops, or woodland. It 
is well suited to small grain, corn, and alfalfa-brome 
hay or pasture. Capability unit Ше-1; woodland group 
1; community development group 6; outdoor recrea- 
tion group 6. 

Mt. Carroll silt loam, benches, 0 to 3 percent slopes 
(MxA).—This soil is on benches along major streams 
and major, intermittent drainageways in uplands. 
Areas range from 20 to 30 acres in size. This soil has 
a profile similar to that described as representative of 
the series, but stratified sandy and loamy material is 
at a depth of 55 to 70 inches and loose sand is typically 
at a depth below 70 inches. 

This soil has no serious limitations. Surface runoff 
is medium. Available water capacity is high. Applica- 
tions of fertilizer and lime are required for maximum 
production. Minimum tillage is essential to minimize 
losses to runoff. 


This soil is used mostly for crops, especially corn, 
small grain, and hay, and it is well suited to this use. 
Where the soil is used for a septic tank absorption 
field, pollution of ground water is a hazard. Capability 
unit I-1; woodland group 1; community development 
group 6; outdoor recreation group 5. 


Orion Series 


The Orion series consists of nearly level, poorly 
drained soils in drainageways of loess-covered uplands 
and on flood plains of some major streams. These soils 
formed in recent alluvium. The native vegetation was 
grasses. 

In a representative profile the surface layer is strati- 
fied, very dark gray and very dark grayish-brown silt 
loam about 5 inches thick. The underlying material is 
stratified, dark grayish-brown and very dark gray silt 
loam about 21 inches thick. This is underlain to a depth 
of 60 inches or more by a buried soil that is black and 
very dark gray silt loam. 

Permeability is moderate, and available water ca- 
pacity is very high. The content of organic matter is 
moderate. The content of available phosphorus is 
medium, and that of potassium is low. A seasonal 
water table is at a depth of 1 foot to 3 feet, 

Most areas are used for pasture and some crops. The 
main limitations are hazards of wetness and flooding. 

Representative profile of Orion silt loam, wet, 270 
feet east and 880 feet north of the southwest corner 
of SEIASWHA sec. 7, T. 112 N., В. 15 W. 

۸1-0 to 5 inches, stratified very dark grayish-brown (10YR 

) and very dark gray (10YR 3/1) silt loam; 
common, fine, distinct, dark reddish-brown (БУК 
3/4) mottles; weak, very fine, granular structure; 
mildly alkaline; abrupt, wavy boundary. 

С1-5 to 26 inches, stratified dark grayish-brown (10YR 
4/2) and very dark gray (10YR 3/1) silt loam; 
many, medium, distinct, dark-brown (7.5YR 4/4) 
mottles; moderate, thin, platy structure; very fri- 
able; many, very fine and fine, tubular pores; 
mildly alkaline; clear, wavy boundary. 

A11b—26 to 35 inches, Маек (10YR 2/1) silt loam; mod- 
erate, medium, platy structure parting to weak, 
very fine, granular; friable; common, very fine and 
fine, tubular pores; mildly alkaline; clear, wavy 
boundary. 

A12b—35 to 42 inches, very dark gray (10YR 3/1) silt 
loam; moderate, fine, granular structure; friable; 
common, very fine and fine, tubular pores; mildly 
alkaline; gradual, wavy boundary. 

A13b—42 to 60 inches, very dark gray (10YR 3/1) heavy 
silt loam; weak, medium, prismatic structure; firm; 
common very fine, fine, and medium, tubular pores; 
common thin clay films on pores; mildly alkaline. 


Thickness of the stratified material, or depth to a buried 
A horizon, ranges from 20 to 40 inches. Reaction ranges from 
neutral to moderately alkaline. The Ab horizon ranges from 
8 to 35 inches in thickness. It is black or very dark gray silt 
loam or silty clay cloam. A B2b horizon is in some places. It 
is dark gray or very dark gray. 

Orion soils are near Chaseburg and Colo soils. They have 
a seasonal water table and Chaseburg soils do not. They are 
lighter colored and have a lower content of organic matter 
than Colo soils. 


Orion silt loam, wet (Or)——This soil'is on narrow first 
bottoms along meandering streams and some intermit- 
tent streams. Areas range from 200 to 1,000 feet in 
width and from 5 to 30 acres in size. More sloping soils 
on benches, higher bottoms, or foot slopes are along 
the outer edges of this soil. Floods result from snow 
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melt or from heavy runoff from rain showers that со]- 
lects in watershed areas that are commonly more than 
320 acres in size. Flooding is frequent, and periods 
range from 1 or 2 hours to as much as 1 day. This 
soil receives sediment from these floods. 

This soil is used mostly for pasture and is well suited 
to that use. Flooding is almost too severe for any other 
use. The hazard of wetness is also severe, but some 
areas can be artificially drained if it is considered 
feasible. Capability unit IITw-3; woodland group 9; 
community development group 1; outdoor recreation 
group 1. 


Ostrander Series 


The Ostrander series consists of nearly level to 
sloping, well-drained soils on crests and side slopes 
of broad uplands. These soils formed in loess and glaeial 
till. The native vegetation was tall prairie grasses. 

In a representative profile the surface layer is very 
dark brown and very dark grayish-brown silt loam 
about 11 inches thick. The subsoil is dark-brown and 
yellowish-brown, friable loam about 30 inches thick. 
'The underlying material is brown loam. 

Permeability is moderate, and available water ca- 
pacity is high. The content of organic matter is high. 
The content of available phosphorus is medium, and 
that of potassium is low. 

Most areas are used for crops. These soils are suited 
to most row crops commonly grown in the county. The 
main limitation is the hazard of erosion. 

Representative profile of Ostrander silt loam, 1 to 6 
percent slopes, in a cultivated field, 90 feet north and 
300 feet east of the southwest corner of ЗЕМ, sec. 32, 
T. 111 N., В. 18 W. 


Ар—0 to 8 inches, very dark brown (10YR 2/2) silt loam; 
moderate, very fine, granular structure; friable; 
neutral; abrupt, wavy boundary. 

АЗ—8 to 11 inches, very dark grayish-brown (10YR 3/2) 
silt loam high in content of sand; common mixings 
of very dark brown (10YR 2/2); moderate, very 
fine and fine, granular structure; friable; neutral; 
abrupt, wavy boundary. 

В21 11 to 15 inches, dark-brown (10YR 4/3) loam; very 
dark grayish-brown (10YR 3/2) coatings on faces 
of peds; moderate, fine, subangular blocky struc- 
ture; friable; many, very fine and fine, tubular 
pores; slightly acid; abrupt, wavy boundary. 

IIB22—15 to 25 inches, yellowish-brown (10YR 5/4) loam; 
dark-brown (10YR 4/3) coatings on faces of peds; 
moderate, fine, subangular blocky structure; fri- 
able; common very fine, fine, and medium, tubular 
pores; about 5 percent gravel; medium acid; clear, 
wavy boundary. 

ПВ23—25 to 30 inches, yellowish-brown (10YR 5/6) loam; 
yellowish-brown (10YR 5/4) coatings on faces of 
peds or partings; moderate, medium, prismatic 
structure parting to moderate, fine, subangular 
blocky; friable; common very fine, fine, and 
medium, tubular pores; about 5 percent gravel; 
medium acid; clear, wavy boundary. 

IIB3—30 to 41 inches, yellowish-brown (10YR 5/8) loam; 
yellowish-brown (10YR 5/4) partings along faces 
of prisms; weak, coarse, prismatic structure; fri- 
able; common, very fine and medium, tubular 
pores; few thin strata of sand; about 7 percent 
pebbles; slightly acid; clear, wavy boundary. 

to 65 inches, brown (10YR 5/3) loam; massive, 

random cleavages; firm; about 4 percent pebbles; 

common, very fine threads of free carbonates; 
mildly alkaline; slightly effervescent. 
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Thickness of the solum, or depth to free carbonates, 
ranges from 38 to 70 inches. The loess ranges from 14 to 24 
inches in thickness. The glacial till typically is 2 to 6 
percent coarse fragments. In some places, however, one or 
more stone lines that are as much as 30 percent coarse 
fragments are in the IIB horizon. The upper sediment is 
silt loam or loam. 

The Ap ог А1 horizon is black or very dark brown. The 
A3 horizon is very dark gray, very dark grayish brown, or 
dark brown. The part of the B horizon that formed in 
loess ranges from dark brown or brown to yellowish brown 
and is loam or silt loam. The IIB horizon is mostly loam, 
clay loam, or sandy clay loam, but it commonly is coarser 
textured in some places. The C horizon is brown, yellowish 
brown, or olive brown. 

In some areas in the northern part of the county, the IIB 
and IIC horizons are strong brown and friable. This differ- 
епсе, however, does not significantly affect the use or be- 
havior of the soil. 

Ostrander soils are near Klinger and Maxfield soils and 
are similar to Racine soils. They contain more sand and 
less silt in their solum and are better drained than Klinger 
and Maxfield soils. They have a thicker, dark-colored A 
horizon than Racine soils. 


Ostrander silt loam, 1 to 6 percent slopes (OtB).— 
This soil is on convex crests of broad glacial uplands, 
and it partly extends down onto side slopes. Slopes 
range from 100 to 600 feet in length. Areas range from 
2 to 100 acres in size. This soil has the profile described 
as representative of the series. Bedrock is at a depth 
of 6 to 10 feet on some of the narrow upland ridges 
that are a part of the valleys of the Cannon River and 
its tributaries. 

The main limitation is the moderate hazard of ero- 
sion, and the more susceptible areas are on side slopes. 
Surface runoff is medium. The main management need 
is to reduce the hazard of erosion. 

Most of the acreage is used for crops. Corn, small 
grain, and hay are well suited. Some areas are pasture. 
Capability unit IIe-1; woodland group 1; community 
development group 6; outdoor recreation group 5. 

Ostrander silt loam, 6 to 12 percent slopes, eroded 
(OtC2).—This soil is on convex sides of drainageways 
in glacial uplands. Slopes range from 100 to 300 feet 
in length. Areas range from 2 to 15 acres in size. This 
soil has a profile similar to that described as repre- 
sentative of the series, but the surface layer is thinner. 

The main limitation is the moderate hazard of fur- 
ther erosion. Surface runoff is medium. Erosion is most 
serious in areas that lack plant cover, especially dur- 
ing seedbed preparation and early plant growth. Crop- 
ping systems are needed to reduce this hazard. Where 
feasible, terraces are very effective in minimizing 
erosion and containing runoff. Fertility also needs to 
be maintained. 

This soil is used for pasture or crops. It is well suited 
to small grain, corn, and alfalfa-brome hay. Capability 
unit Ше-1; woodland group 1; community develop- 
ment group 6; outdoor recreation group 6. 


Plainfield Series 


The Plainfield series consists of nearly level to steep, 
excessively drained soils on benches and escarpments 
along major rivers. These soils formed in sandy out- 
wash. The native vegetation was deciduous forest. 

In a representative profile the surface layer is very 
dark brown loamy sand about 5 inches thick. The sub- 
soil is dark-brown and dark yellowish-brown, loose 
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sand about 29 inches thick. The underlying material is 
dark yellowish-brown and yellowish-brown sand. 

Permeability is rapid, and available water capacity 
is low. The content of organie matter is low. The con- 
tent of available phosphorus and potassium is low. 

Most areas are woodland or pasture. The main limi- 
tation is the hazard of drought. 

Representative profile of Plainfield loamy sand, 0 to 
6 percent slopes, in a wooded area 890 feet west and 
460 feet south of the northeast corner of sec. 36, T. 
112 N., В. 18 W. 


A1—0 to 5 inches, very dark brown (10YR 2/2) loamy 
sand; single grained; loose; strongly acid; clear, 
wavy boundary. 

В21- 5 to 22 inches, dark-brown (10YR 3/3) sand; many, 
large mixings of dark-brown (10YR 4/3) mottles; 
weak, coarse, subangular blocky structure; loose; 
medium acid; clear, wavy boundary. 

B22—22 to 34 inches, dark yellowish-brown (10YR 4/4) 
sand; many tongues of dark brown (10YR 3/3); 
single grained; loose; slightly acid; clear, wavy 
boundary. 

Ci—34 to 58 inches, dark yellowish-brown (10YR 4/4) 
sand; few, dark yellowish-brown (10YR 3/4) sand 
lamellae; single grained; loose; slightly acid; 
clear, wavy boundary. 

C2—58 to 65 inches, yellowish-brown (10YR 5/6) sand; 
single grained; loose; slightly acid. 


The solum ranges from 20 to 40 inches in thickness. In 
some places the content of gravel ranges from 1 to 15 per- 
cent. The A horizon ranges from 3 to 8 inches in thickness 
and from very dark brown to brown in color. It is sand or 
loamy sand. The B horizon is dark-brown or dark yellowish- 
brown sand or coarse sand. The C horizon ranges from dark 
yellowish brown to light yellowish brown. It is sand or 
coarse sand. Reaction ranges from very strongly acid to 
neutral. Lamellae are lacking in some places. 

Plainfield soils are near Gotham soils and are similar 
to Sparta soils. They lack the thick, finer textured bands 
that are characteristic of Gotham soils. They have a thin- 
ner dark-colored A horizon than Sparta soils. 

Plainfield loamy sand, 0 to 6 percent slopes (PaB).— 
This soil occupies entire broad stream benches. Areas 
range from 5 to 200 acres in size. This soil has the 
profile described as representative of the series. In- 
cluded іп mapping are areas of somewhat poorly 
drained sandy soils in a few of the natural drainage- 
ways southwest of Cannon Falls. Also included are 
some very steep areas that are indicated on the de- 
tailed soil map by the symbol for escarpments. 

. Because available water capacity is low, the main 
limitation is the severe hazard of drought. Natural 
fertility and the content of organic matter are low. The 
hazard of soil blowing is moderate in areas that lack 
plant cover. Surface runoff is slow, and most of it is 
absorbed because the rate of infiltration is high and 
permeability is rapid. 

This soil is used for crops, pasture, and woodland. 
It is poorly suited to most crops because it is too 
droughty, and it is better suited to permanent pasture 
and trees. Pastures, however, go dormant rather early 
in the season because of droughtiness. Where the soil 
is used as а septic tank absorption field, pollution of 
ground water is a hazard because of the rapid permea- 
bility of the underlying material. Capability unit 
IVs-1; woodland group 4; community development 
group 3; outdoor recreation group 11. 

Plainfield loamy sand, 6 to 25 percent slopes (Раб) — 
This soil is on narrow escarpments of stream benches 
that adjoin flood plains or stream benches at lower 


elevations. Slopes range from 50 to 150 feet in length. 
Areas range from 2 to 40 acres in size. Included in 
mapping are some areas of Salida soils and some se- 
verely gullied areas. Also included are some very steep 
areas that are indicated on the detailed soil map by 
the symbol for escarpments. 

Because available water capacity is low, the main 
limitation is the severe hazard of drought. Surface 
runoff is slow or medium, and much of it is absorbed 
because the rates of infiltration and permeability are 
rapid. This soil is subject to severe gullying in areas 
where surface runoff passes or where sufficient vege- 
tation is lacking (fig. 10). Natural fertility and con- 
tent of organic matter are low, 

Most of the acreage is woodland or idle, and perma- 
nent vegetation is well suited. The hazards of erosion 
and drought make this soil very poorly suited to pasture 
or crops. Pollution of ground water is a hazard in areas 
used as septic tank absorption fields or as sanitary 
landfills. Capability unit VIIs-1; woodland group 4; 
community development group 9; outdoor recreation 
group 13. 


Port Byron Series 


The Port Byron series consists of nearly level to 
sloping, well-drained soils on crests and side slopes of 
broad uplands and nearly level benches. These soils 
formed in loess. The native vegetation was tall prairie 
grasses. 

In a representative profile the surface layer is about 
19 inches thick. It is very dark brown silt loam that 
grades to very dark grayish brown in the lower part. 
The subsoil is dark-brown and brown, friable silt loam 
about 21 inches thick. The underlying material is yel- 
lowish-brown silt loam (fig. 11). 

Permeability is moderate, and available water ca- 
pacity is very high. The content of organic matter is 
high. The content of available phosphorus is medium, 
and that of potassium is low. 

Most areas are used for crops or pasture. These soils 
are better suited to corn and soybeans than to most 
other crops. The main limitation is the hazard of 
erosion. 

Representative profile of Port Byron silt loam, 2 to 
6 percent slopes, in a cultivated area 200 feet south and 
100 feet east of the northwest corner of КЕШ, sec. 8, 
T. 110 N., R. 18 W. 


Ap—0 to 9 inches, very dark brown (10YR 2/2) silt loam; 
moderate, very fine and fine, granular structure; 
friable; neutral; abrupt, wavy boundary. 

А12—9 to 15 inches, very dark brown (10YR 2/2) silt loam; 
weak, fine, subangular blocky structure; friable; 
many, very fine, fine, and medium, tubular 
pores; medium acid; abrupt, wavy boundary. 

A3—15 to 19 inches, very dark grayish-brown (10ҮК 3/2) 
silt loam; weak, fine, subangular blocky structure; 
friable; many, very fine and medium, tubular 
pores; friable; medium acid; clear, wavy bound- 


ary. 

B21—19 to 24 inches, dark-brown (10YR 4/3) silt loam; 
dark grayish-brown (10YR 4/2) coatings on faces 
of peds; moderate, fine, subangular blocky struc- 
ture; friable; many very fine, fine, and medium, 
tubular pores; medium acid; clear, wavy bound- 


ary. 
B22—24 to 30 inches, brown (10YR 5/3) silt loam; moder- 
ate, fine, subangular blocky structure; friable; 
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Figure 10.—Plainfield loamy sand, 6 to 25 percent slopes, оп gullied hillside. 


many very fine, fine, and medium, tubular pores; 
medium acid; abrupt, wavy boundary. 


В3—30 to 40 inches, brown (10YR 5/3) silt loam; weak, 
coarse, subangular blocky structure; friable; com- 
mon very fine, fine, and medium, tubular pores; 
slightly acid; clear, wavy boundary. 

C—40 to 65 inches, yellowish-brown (10YR 5/4) silt loam; 
massive; very friable; moderately alkaline. 


The solum ranges from 36 to 50 inches in thickness. The 
depth to free carbonates ranges from 40 to 70 inches. About 
50 to 65 percent of the silt-size fraction in the solum is 
fine silt. However, the lower 6 to 10 inches of the solum 
and the C horizon are 50 to 70 percent coarse silt. The A 
horizon ranges from 10 to 20 inches in thickness. The B 
horizon range from 15 to 30 inches in thickness. The B2 ho- 
rizon is dark brown, brown, or dark yellowish brown. 
It is medium acid or slightly acid. The B3 horizon is brown 
or yellowish brown. 


Port Byron soils are near Garwin and Joy soils and are 
similar to Mt. Carroll soils. They are better drained than 
Joy soils and do not have mottles in the B horizon, which 
is characteristic of Joy soils. They are better drained than 
Garwin soils and have a brighter colored B horizon. They 
do not have appreciable amounts of translocated clay in the 
B horizon, which is characteristic of Mt. Carroll soils. 


Port Byron silt loam, 0 to 2 percent slopes (PbA).— 
This soil is on erests of broad uplands and on some 
side slopes adjacent to long, narrow drainageways. 
Areas range from 2 to 30 acres in size. 

This soil has no serious limitations. Surface runoff 
is medium. Applications of lime and fertilizers are 
needed for maximum production. Minimum tillage that 
leaves crop residue on the surface is very effective in 
containing surface runoff. 

This soil is used mostly for crops, especially corn 
and soybeans, and it is well suited to this use. Capa- 
bility unit I-1; woodland group 1; community develop- 
ment group 6; outdoor recreation group 5. 

Port Byron silt loam, 2 to 6 percent slopes (PbB).— 
This soil is on convex crests and side slopes of broad, 
loess-covered uplands. Areas on the lower part of the 
side slopes adjoin sloping soils or soils in natural drain- 
ageways. Slopes range from 200 to 400 feet in length. 
This soil has the profile described as representative 
of the series. 

The hazard of erosion is slight to moderate, and it 
is most serious on the lower part of side slopes. Sur- 
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Figure 11.—Profile of Port Byron silt loam. 


face runoff is medium. Management is needed, espe- 
cially minimum tillage that reduces losses to erosion 
and runoff. Where feasible, terraces are also very effec- 
tive. Fertility also needs to be maintained. 

Most of the acreage is used for crops. This soil is well 
suited to field corn, small grain, and alfalfa-brome hay. 
It is also well suited to canning crops, such as sweet 
corn and peas. Capability unit IIe-1; woodland group 
1; community development group 6; outdoor recreation 
group 5. 

Port Byron silt loam, 6 to 12 percent slopes, eroded 
(PbC2).—This soil is on convex side slopes adjacent to 
drainageways on broad uplands. Slopes range from 75 
to 200 feet in length. Areas range from 2 to 15 acres 
in size. The profile of this soil is similar to that de- 
scribed as representative of the series, but it is thinner 
and more of the coarser textured, silt-size particles 
common to the substratum are in the upper part of 
the profile. 

The hazard of further erosion is severe. It is most 
serious in areas that lack vegetation, especially during 
seedbed preparation and early plant growth. Surface 
runoff is medium. The main management need is to 


reduce losses to erosion and runoff. The hazard of 
erosion is also severe in areas planned for extensive 
excavations and grading. 

This soil is used for pasture or crops. Under proper 
management it is well suited to corn, small grain, and 
hay erops. Capability unit IIIe-1; woodland group 1; 
community development group 6; outdoor recreation 
group 6. | 

Port Вугоп silt loam, benches, 0 to 3 percent slopes 
(PoA).—This soil is on benches along major streams. 
Areas commonly adjoin areas of Fairhaven or Wau- 
kegan soils. They range from 2 to 50 acres in size. This 
soil has a profile similar to that described as represen- 
tative of the series, but the underlying material con- 
tains stratified sand and gravel at a depth of 50 to 
70 inches, and in а few areas on uplands it contains 
soft sandstone at this depth. 

This soil has no serious limitations. Surface runoff 
is slow to medium, and much of it is absorbed because 
infiltration rate is moderate. 

Most of the acreage is used for crops. This soil is 
well suited to row crops, especially corn and soybeans. 
Where septic tank absorption fields are planned, pollu- 
tion of ground water is a hazard because the underly- 
ing material is rapidly permeable. Capability unit 1-1; 
woodland group 1; community development group 6; 
outdoor recreation group 5. 


Racine Series 


The Racine series consists of gently sloping to very 
Steep, well-drained soils on convex crests and side slopes 
of broad uplands and narrow upland ridges. These 
soils formed in loess and loam till. The native vegeta- 
tion was deciduous hardwoods. 

In a representative profile the surface layer is very 
dark grayish-brown silt loam about 7 inches thick, and 
the subsurface layer is dark-brown silt loam about 4 
inches thick. The upper 12 inches of the subsoil is 
brown, friable heavy silt loam; the lower 32 inches is 
yellowish-brown, friable and firm loam. The underlying 
material is light olive-brown loam. 

Permeability is moderate, and available water ca- 
pacity is high. The content of organic matter is mod- 
erate to low. The content of available phosphorus is 
medium, and that of potassium is low. 

Most areas are used for crops or pasture. The main 
limitation is the hazard of erosion. 

Representative profile of Racine silt loam, 1 to 6 
percent slopes, in a cultivated field 75 feet south and 
485 feet west of the northeast corner of МҰ МҰ, 
sec. 18, T. 109 N., В. 16 W. 

Ap—0 to 7 inches, very dark grayish-brown (10YR 3/2) silt 
loam, grayish brown (10YR 5/2) dry; weak, fine, 
subangular blocky structure; friable; neutral; 
abrupt, smooth boundary. 

A2—7 to 11 inches, dark-brown (10YR 4/3) silt loam, dark 
grayish-brown (10ҮВ 4/2) coatings on faces of 
peds; moderate, medium, platy structure; many, 
very fine, and fine, tubular pores; slightly acid; 
clear, wavy boundary. 

B1—11 to 16 inches, brown (10YR 5/3) heavy silt loam; 
moderate, very fine, subangular blocky structure; 
friable; many, very fine and fine, tubular pores; 
many thin porous coatings on faces of peds; me- 


dium acid; clear, wavy boundary. 
B21t—16 to 23 inches, brown (10YR 5/3) heavy silt loam; 
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moderate, very fine, subangular blocky structure; 
friable; many very fine, fine, and medium, tubular 
pores; many thin porous coatings on faces of peds 
and in larger pores; strongly acid; abrupt, wavy 
boundary. 

IIB22t—23 to 30 inches, yellowish-brown (10YR 5/4) heavy 
loam, many grayish-brown (10YR 5/2) coatings 
on faces of peds; moderate, fine, prismatic struc- 
ture parting to moderate, medium, subangular 
blocky; friable; common, very fine and fine, tubular 
pores; common thin porous coatings on faces of 
peds; about 7 percent coarse fragments; strongly 
acid; clear, wavy boundary. 

IIB23t—30 to 38 inches, yellowish-brown (10YR 5/4) loam; 
many grayish-brown (10YR 5/2) coatings on faces 
of peds; moderate, fine, prismatic structure parting 
to strong, medium, angular blocky; firm; common, 
very fine and fine, tubular pores; many thin porous 
coatings on faces of peds; about 4 percent coarse 
fragments; strongly acid; clear, wavy boundary. 

IIB24t—38 to 43 inches, yellowish-brown (10YR 5/4) loam; 
many grayish-brown (10YR 5/2) coatings on faces 
of peds; moderate, medium, prismatic structure; 
firm; common fine, medium, and large, tubular 
pores; many thin porous coatings on faces of peds; 
few thin clay films on faces of peds; about 4 per- 
cent coarse fragments; strongly acid; abrupt, wavy 
boundary. 

IEB25t—43 to 55 inches, yellowish-brown (10YR 5/4) loam; 
common, faint, grayish-brown (10YR 5/2) mottles; 
moderate, medium, prismatic structure; firm; com- 
mon, fine and medium, tubular pores; common 
moderately thick clay films in pores and on faces of 
peds; about 4 percent coarse fragments; medium 
acid; clear, wavy boundary. 

IIC—55 to 65 inches, light olive-brown (2.5Ү 5/4) loam; 
massive; firm; about 5 percent coarse fragments; 
mildly alkaline; slightly effervescent. 


The solum ranges from 40 to 60 inches in thickness. 
Depth to free carbonates ranges from 40 to 70 inches. The 
loess ranges from 14 to 24 inches in thickness, and it mostly 
does not have coarse fragments. The underlying till typically 
contains 2 to 6 percent coarse fragments. A thin stone 
line, commonly less than 10 inches thick, underlies the loess 
and contains as much as 30 percent coarse fragments. 

The Ap or А1 horizon ranges from very dark brown to 
very dark grayish brown. The A2 horizon typically ranges 
from 2 to 6 inches in thickness, but it is lacking in some 
places. It is dark brown or dark grayish brown. The B 
horizon in the loess is brown or yellowish brown. It is 
mostly silt loam, but it is loam, clay loam, or silty clay 
loam in some places. Few to common thin clay films are in 
this part of the B horizon in some places. The matrix of 
the IIB horizon ranges from brown to yellowish brown. 
It is mostly loam, but in some places it is clay loam, sandy 
loam, or sandy clay loam. Clay films are moderately thick 
or thin and range from few to many in part to all of this 
horizon. 

In some areas in the northern part of the county, the 
IIB and IIC horizons are strong brown and friable. This 
difference, however, does not significantly affect the use 
or behavior of the soil. 

Racine soils are near Kasson soils and are similar to 
Ostrander soils. They are better drained than Kasson soils. 
They have a thinner, dark-colored À horizon than Ostrander 
soils. They also have an appreciable increase in content of 
clay in the B horizon that Ostrander soils lack. 


Racine silt loam, 1 to 6 percent slopes (RaB).— This 
soil is on slightly convex сге в and side slopes of 
glacial uplands. Slopes range from 100 to 600 feet in 
length. Áreas range from 2 to 100 acres in size and 
most are 1 mile to 4 miles from a major river valley. 
This soil has the profile described as representative of 
the series. Bedrock is at a depth of 6 to 10 feet on some 
narrow upland ridges adjacent to Cannon River and 
its tributary valleys. 

The hazard of erosion is moderate, and it is most 


serious on side slopes. Surface runoff is medium. This 
soil is somewhat droughty, and deep-rooted crops have 
some difficulty developing the needed root system in the 
loamy till. The main management need is a cropping 
system that reduces losses to erosion and runoff. Arti- 
ficial drainage is needed in some places if waterways 
and terrace channels are used. Fertility also needs to 
be maintained. ` 

This soil is used mainly for crops, and it is well 
suited to corn, small grain, and hay. Some areas are 
pasture or woodland. Capability unit Пе-1; woodland 
group 1; community development group 6; outdoor 
recreation group 5. 

Racine silt loam, 6 to 12 percent slopes (RaC]).— This 
soil is on convex side slopes adjacent to glacial upland 
drainageways or to moderately steep to very steep 
soils. Slopes range from 100 to 300 feet in length. Areas 
range from 2 to 15 acres in size. 

The main limitation is the moderate hazard of ero- 
Sion, and it is most serious in areas that lack plant 
cover, especially during seedbed preparation and early 
plant growth. Surface runoff is medium. Management 
is needed that reduces losses to erosion and runoff. 
Fertility also needs to be maintained. 

This soil is used for pasture or crops. It is well suited 
to small grain, corn, and hay. Capability unit IIIe-1; 
woodland group 1; community development group 6; 
outdoor recreation group 6. 

Racine silt loam, 6 to 12 percent slopes, eroded 
(RaC2).—This soil is on convex side slopes in glacial 
uplands. It is adjacent to natural drainageways or to 
moderately steep to very steep soils on lower slopes. 
Slopes range from 100 to 300 feet in length. Areas 
range from 2 to 25 acres in size, and most are 1 mile 
to 4 miles from a major river valley. This soil has a 
profile that is similar to that described as representa- 
tive of the series, but in cultivated areas it lacks a 
substrface layer and has a thinner subsoil. Included in 
mapping are some areas of severely eroded soils that 
have a brown loam surface layer that is partly mixed 
into the lower part of the subsoil. 

The main limitation is the moderate hazard of further 
erosion, and it is most serious in areas that lack plant 
cover, especially during seedbed preparation and early 
plant growth. Surface runoff is medium. À cropping 
System is needed that controls erosion and runoff. Fer- 
tility also needs to be maintained. 

This soil is used for pasture or crops. It is suited to 
corn, small grain, and hay. Capability unit IITe-1; 
woodland group 1; community development group 6; 
outdoor recreation group 6. 

Racine silt loam, 12 to 18 percent slopes, eroded 
(RaD2)—This soil is on sides of entrenched drainage- 
ways in glacial uplands. Most areas are convex and 
are on escarpments between gently sloping soils up- 
slope and soils downslope in drainageways. Slopes 
range from 100 to 300 feet in length. Areas range from 
2 to 25 acres in size, and most are 1 mile to 4 miles 
from a major river valley. This soil has a profile similar 
to that described as representative of the series, but 
it lacks a subsurface layer and part of the subsoil has 
been mixed into the surface layer. Bedrock is at a depth 
of 6 to 10 feet in some areas very close to river valleys. 

Included with this soil in mapping are some areas of 
Seaton soils on the points of low ridges and near the 
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base of some side slopes. Also included are some areas 
of severely eroded soils, areas of soils that have firm 
loamy till at a depth of 1 foot to 2 feet, and some areas 
of uneroded soils that are pastured or wooded. 

The main limitation is the severe hazard of further 
erosion. It is most serious in areas that lack сгор or 
plant cover, especially during seedbed preparation and 
early plant growth. Surface runoff is rapid. А suitable 
eropping system is needed to control гипой and erosion. 

This soil is suited to small grain, corn, and hay. It 
also can be used for permanent pasture. Capability unit 
ТУе-1; woodland group 1; community development 
group 8; outdoor recreation group 6. 

Racine soils, 18 to 35 percent slopes (RaE].—These 
soils are on side slopes along entrenched narrow drain- 
ageways or along ravines and stream valleys. Slopes 
range from 100 to 300 feet in length. Areas range from 
2 to 20 acres in size. Most of these soils have profiles 
similar to the one described as representative of the 
series. Others, on some of the foot slopes or in valleys 
along the Zumbro and Cannon Rivers, contain more 
sand and have bedrock within a depth of 6 feet. Still 
others lack the silty sediment and formed mainly in a 
firm till. Included in mapping are some areas of se- 
verely eroded Racine and Seaton soils. 

The hazard of erosion is very severe in areas that 
lack vegetation or have been overgrazed. Surface runoff 
is very rapid. The main management need is to control 
erosion and runoff. 

Most areas of these soils are in woodland or pasture, 
and some areas are used for crops. These soils are well 
suited to woodland or pasture, but pasture requires 
some control of grazing. Capability unit VIIe-1; wood- 
land group 1; community development group 8; outdoor 
recreation group 9. 


Radford Series 


The Radford series consists of nearly level, some- 
what poorly drained soils on first bottoms of flood 
plains of major streams. These soils formed in al- 
luvium. The native vegetation was tall prairie grasses. 

In a representative profile the surface layer is very 
dark grayish-brown silt loam about 9 inches thick. 
The next layer is 17 inches thick and is very dark 
grayish-brown silt loam that has thin strata of grayish 
brown. Below this is a buried soil that is black silt 
loam about 34 inches thick. The underlying material is 
gray silty clay loam. 

Permeability is moderate, and available water ca- 
pacity is very high. The content of organic matter is 
high. The content of available phosphorus is medium, 
and that of potassium is low. A water table is at a depth 
of about 5 to 7 feet. 

Most areas are used for crops or pasture, These soils 
are well suited to corn. The main limitation is the 
hazard of flooding. 

Representative profile of Radford silt loam, in a 
cultivated area 165 feet south of the northeast corner 
of the SWIASWIA of sec. 5, T. 111 N., В. 14 W. 

Ар—0 to 9 inches, very dark grayish-brown (10YR 3/2) 
silt loam, grayish brown (10YR 5/2) dry; weak, 
very fine, granular structure; very friable; neutral; 
abrupt, wavy boundary. 


C1—9 to 22 inches, very dark grayish-brown (10YR 3/2) 
silt loam; common, thin strata of grayish brown 


(10YR 5/2); weak, very thin, platy structure; 
very friable; common, very fine and fine con- 
tinuous pores; neutral; abrupt, wavy boundary. 

C2— 22 to 26 inches, very dark grayish-brown (10YR 3/2) 
silt loam; common, thin strata of grayish brown 
(10YR 5/2); weak, thin, platy structure; very 
friable; common, very fine and fine, tubular pores; 
neutral; abrupt, wavy boundary. 

IIA11b—26 to 36 inches, black (10YR 2/1) heavy silt 
loam; weak, very fine, granular structure; very 
friable; many, very fine and fine, tubular pores; 
neutral; clear, wavy boundary. 

IIA12b—36 to 46 inches, black (10YR 2/1) silt loam; 
moderate, fine, granular structure; friable; many, 
very fine and fine, tubular pores; neutral; gradual, 
wavy boundary. 

IIA13b—46 to 60 inches, black (10YR 2/1) silt loam; 
moderate, fine, prismatic structure parting to 
moderate, medium, angular blocky; slightly sticky; 
mildly alkaline; gradual, wavy boundary. 

ПС--60 to 65 inches, gray (БҮ 5/1) silty clay loam; mas- 
sive; slightly sticky; mildly alkaline. 

Thickness of the recent sediments over the buried soil 
ranges from 20 to 40 inches. These sediments are thickest 
adjacent to stream channels or in the path of side-valley 
tributaries and are thinner in areas more distant from 
Stream channels. The upper parts of the A and C horizons 
are very dark grayish brown or dark grayish brown. They 
have common to many, thin or very thin strata of dark 
grayish brown or grayish brown. They are silt loam and 
some have few to common, thin strata of fine sandy loam. 
Reaction is neutral to mildly alkaline. The IIAb horizon 
ranges from 10 to 40 inches in thickness. It is black or 
very dark gray, and it ranges from silt loam to silty clay 
loam. The IIC horizon is gray or dark-gray silt loam or 
Silty clay loam. 

Kadford soils are near McPaul and Lawson soils. They 
do not have free lime in the upper part of the profile, 
whereas McPaul soils have free lime in all parts. They 
have a buried soil beginning at a depth of 20 to 40 inches, 
and Lawson soils do not. 


Radford silt loam (0 to 2 percent slopes (Rd).—This 
soil is on flood plains along major streams in the 
county. It is on the first level above the stream channel 
in narrow stream valleys (fig. 12). Areas range from 
5 to 100 acres in size. Along the outer edges are more 
sloping soils on elevated high bottoms, benches, foot 
slopes, or valley walls. Floods generally are caused by 
heavy snow melt or heavy rains, when runoff collects 
in watershed areas. These areas generally are more 
than 2 square miles and range to as much as 60 square 
miles in size. Floods range from about 2 hours to 2 
days in duration. Stratified sediment accumulates. It 
is thickest adjacent to stream channels and in the path 
of side-valley tributaries. The darker color of the layer 
below the sediment indicates that it was the surface 
layer of an earlier soil. 

Included with this soil in mapping are areas of А!- 
luvial land and Orion soils. The Orion soils are along 
some of the side-valley tributaries that are seepy. 

This soil is used mostly for crops, especially corn, 
and it is well suited to this use. The hazard of flooding 
and weeds tend to limit other common crops. The more 
frequently flooded areas are used for pasture or are 
idle. The severe hazard of flooding is a concern in any 
areas planned for recreational, residential, or indus- 
trial uses. Capability unit Пу-2; woodland group 8; 
шу development group 1; outdoor recreation 
group 2. 


Salida Series 


The Salida series consists of nearly level to very 
steep, excessively drained soils on benches and bench 
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Figure 12.—Radford silt loam on narrow bottoms between valley walls. Brodale and Sogn soils are in background. 


escarpments of major rivers. These soils formed in 
sandy and gravelly outwash. The native vegetation was 
tall prairie grasses. 


In a representative profile the surface layer is very 
dark brown gravelly coarse sand about 8 inches thick. 
The subsoil is very dark grayish-brown, loose gravelly 
coarse sand about 5 inches thick, The underlying ma- 
terial is pale-brown stratified gravel and coarse sand. 


Permeability is very rapid, and available water ca- 
pacity is very low. The content of organie matter is 
low. The content of available phosphorus and potas- 
sium is low. 


Most areas are in pasture, and some areas are used 
as a source of gravel. The main limitation is the hazard 
of drought. 


Representative profile of Salida gravelly coarse sand, 
1 to 12 percent slopes, on the face of a gravel pit 710 
feet south and 33 feet east of the center of sec. Л, L. 
112 N., R. 17 W. 


А1—0 to В inches, very dark brown (10YR 2/2) gravelly 
coarse sand; single grained; very friable; many 
roots; about 30 percent gravel; mildly alkaline; 
abrupt, wavy boundary. 


B2—8 to 13 inches, very dark grayish-brown (10YR 3/2) 
gravelly coarse sand; single grained; loose; com- 
mon roots; about 30 percent gravel; mildly alka- 
line; clear, irregular boundary. 

C1--13 to 38 inches, pale-brown (10YR 6/3) gravelly 
coarse sand; common, very dark grayish-brown 
(10YR 3/2) tubular mixings; single grained; 
about 40 percent gravel; mildly alkaline; slightly 
effervescent; clear, irregular boundary. 

C2—38 to 60 inches, pale-brown (10YR 6/3) stratified 
gravel and coarse sand; single grained; loose; 
about 40 percent gravel and about 15 percent 
cobblestones; mildly alkaline; slightly effervescent. 


The solum ranges from 7 to 19 inches in thickness. The 
content of gravel ranges from 85 to 50 percent. The А 
horizon ranges from 7 to 10 inches in thickness. It is black, 
very dark brown, or very dark gray and is gravelly coarse 
sandy loam, gravelly loamy coarse sand, or gravelly coarse 
sand. It ranges from medium acid to mildly alkaline. The 
B horizon ranges to as much as 10 inches in thickness in 
some places, but it is missing in other places. It is dark- 
brown or very dark grayish-brown gravelly loamy coarse 
sand or gravelly coarse sand. It ranges from neutral to 
mildly alkaline. The C horizon is pale brown, yellowish 
brown, brown, and light olive brown. It ranges from 
gravelly coarse sand to stratified sand and gravel. The 
content of stones, cobblestones, or boulders ranges from 
0 to 30 percent in this horizon. 

Salida soils are near Estherville soils and are similar 
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to Lilah soils. They have less silt and clay and more sand 
and gravel in their solum than those soils. 

Salida gravelly coarse sand, 1 to 12 percent slopes 
(SaB).—This soil is on knolls and escarpments on Ше 
major stream benches. Areas range from 1 to 20 acres 
in size. This soil has the profile described as representa- 
tive of the series. Included in mapping are some areas 
of steep Salida soils that are indicated on the detailed 
soil map by the symbol for escarpments. 

Because available water capacity is very low, the 
main limitation is the severe hazard of drought. Sur- 
face runoff is slow, and most of it is absorbed because 
the rate of infiltration is very high and permeability 
is very rapid. Natural fertility and the content of or- 
ganic matter are low. 

The best potential use of this soil is to convert it to 
permanent vegetation. It is very poorly suited to crops 
because it is very droughty. Some areas are used as a 
source of sand and gravel. Where the soil is used as a 
septic tank absorption field and the water table is below 
a depth of 10 feet, pollution is a hazard because the 
underlying material is very rapidly permeable. Capa- 
bility unit JVs-1; woodland group 4, community de- 
velopment group 8; outdoor recreation group 11. 

Salida gravelly coarse sand, 12 to 45 percent slopes 
TT soil is on narrow escarpments of stream 

enches that adjoin lower flood plains or stream 
benches. Slopes range from 50 to 150 feet in length. 
Areas range from 2 to 40 acres in size. 

Because available water capacity is very low, the 
main limitation is the severe hazard of drought. Sur- 
face runoff is medium, and much of it is absorbed 
because infiltration is rapid and permeability is very 
rapid. This soil is subject to severe gullying in areas 
of surface runoff or those that lack sufficient vegeta- 
tion. Natural fertility and content of organic matter 
are low. 

Most of the acreage is wooded or is left idle, and 
the soil is well suited to those uses. Some areas are a 
source of sand and gravel. This soil is poorly suited to 
pasture or crops because the hazards of erosion and 
drought are severe. Where the soil is used as a septic 
tank absorption field or sanitary landfill, pollution of 
ground water is a hazard. Capability unit VIIs-1; 
woodland group 4; community development group 9; 
outdoor recreation group 13. 


Schapville Series 


The Schapville series consists of gently sloping to 
very steep, moderately well drained soils on convex 
crests and sides of narrow upland ridges. These soils 
formed in shale and shale residuum. The native vegeta- 
tion was prairie grasses and deciduous forest. 

In a representative profile the surface layer is very 
dark gray silty clay loam about 8 inches thick. The 
upper 6 inches of the subsoil is dark-brown, firm silty 
clay; the lower 7 inches is gray, firm clay. The under- 
lying material is greenish-gray shale that is firm at a 
depth below 3 feet. 

Permeability is slow, and available water capacity is 
low. The content of organic matter is moderate. The 
content of available phosphorus and potassium is 
medium. 

Most areas are used for crops and pasture. The main 


limitations are hazards of drought and seasonal wet- 
ness. 
Representative profile of Schapville silty clay loam, 
2 to 12 percent slopes, 640 feet east and 100 feet north 
M the southwest corner of NW1ANE14 sec. 30, T. 112 
„В. 17 W. 


Ар—0 to 8 inches, very dark gray (10YR 3/1) silty clay 
loam; moderate, very fine, granular structure; fri- 
able; slightly acid; abrupt, wavy boundary. 

B2t—8 to 14 inches, dark-brown (10YR 4/3) silty clay; 
very dark grayish-brown (10YR 3/2) coatings on 
faces of peds; moderate, fine, subangular blocky 
Structure; firm; many, very thin clay films; 
slightly acid; abrupt, wavy boundary. 

IIB3—14 to 21 inches, gray (БҮ 5/1) clay; many, large, 
faint mottles of greenish gray (5GY 5/1); mod- 
erate, medium, prismatic structure; firm; moder- 
ately alkaline; clear, irregular boundary. 

IIC—21 to 45 inches, greenish-gray (5GY 5/1) shale; mas- 
sive; firm; moderately alkaline; slightly efferves- 
cent. 

The solum ranges from 10 to 25 inches in thickness. The 
A horizon ranges from very dark brown to very dark 
gray. It is mainly heavy silt loam or silty clay loam, but in 
some places it is silty clay. The B2 horizon ranges from 
dark brown to olive brown and has coatings of very dark 
grayish brown or dark grayish brown. It is silty clay or 
heavy silty clay loam. The B3 horizon ranges from gray 
to bluish gray. The C horizon is gray, greenish-gray, or 
bluish-gray shale, mainly of the Decorah Formation. 

The Schapville soils in Goodhue County have a thinner 
solum and the loess mantle is missing or is thinner than 
is defined in the range for the series. This does not alter 
use or behavior of the soils. 

беһаруШе soils are near Shullsburg soils and are 
Similar to Derinda soils. They have a thinner solum than 
Shullsburg soils. They formed in a thinner mantle of 
loess than Derinda soils. 


Schapville silty clay loam, 2 to 12 percent slopes (ScC). 
—This soil is on convex crests of narrow upland ridges 
and side slopes adjacent to natural drainageways. 
Areas range from 2 to 20 acres in size. Slopes range 
from 100 to 200 feet in length. This soil has the profile 
described as representative of the series. Included in 
mapping are some areas of soils that are 1 foot to 3 
feet deep over limestone bedrock. 

Because available water capacity is low, the main 
limitations are the moderate hazards of erosion and 
drought. This soil must be moist for most uses, and it 
is very diffieult to work when it is too wet or dry. 
It erodes easily if the surface layer is well granulated, 
especially areas that have been fall plowed and left 
over winter. Surface runoff is medium, and very little 
is absorbed because natural infiltration is very slow. 
Minimum tillage and leaving crop residue on the sur- 
face are ways to control erosion and runoff. Very little 
can be done to control droughtiness, however, but limit- 
ing plant population and scheduling early fieldwork to 
best utilize available water in the soil and the more 
frequent seasonal rains are feasible. 

This soil is used for crops, woodland, or pasture. It 
is well suited to small grain, hay, and some corn, Some 
areas are near expanding communities and can be 
developed for housing or other related uses. The limi- 
tation for septic tank absorption fields is severe because 
percolation is slow and the shrink-swell potential is 
high. Capability unit IIIe-2; woodland group 8; com- 
munity development group 5; outdoor recreation group 
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Schapville silty clay loam, 12 to 18 percent slopes 
(ScD).—This soil is on convex side slopes on the upper 
part of upland ridges. Slopes range from 100 to 300 
feet in length. Areas range from 2 to 20 acres in size. 
Included in mapping are areas of soils that have lime- 
stone at a depth of 1 foot to 3 feet. Also included are 
some areas of Copaston or Sogn soils. 

The main limitation is the severe hazard of erosion. 
This soil is most susceptible to erosion where the sur- 
face layer is well granulated, especially in areas that 
have been fall plowed and left over winter or worked 
for seedbed preparation. It also granulates or cracks 
in dry weather in summer. Surface runoff is rapid, 
and very little is absorbed because infiltration is very 
slow. Management is needed to control erosion and 
runoff, and minimum tillage that leaves a crop residue 
on the surface is effective. The hazard of drought is 
moderate because available water capacity is low. 

This soil is used for crops, pasture, or woodland. It 
is well suited to pasture or woodland. It is suited to 
small grain, some corn, and hay. Capability unit IVe-3; 
woodland group 3; community development group 5; 
outdoor recreation group 8. 

Schapville-Sogn complex, 18 to 35 percent slopes 
(SdE.—This complex is on the upper part of convex 
sides of upland ridges that are mainly south-facing to 
west-facing. It is about 50 percent Schapville soils and 
about 40 percent Sogn soils. The profile of the Schap- 
ville soil is shallower than that described as representa- 
tive of the series. Included in mapping in about 10 
percent of the areas are areas of Copaston soils or 
Shullsburg soils. 

This complex is mostly pasture or woodland. Al- 
though some areas are cropped, the hazard of erosion 
is too great and runoff is too rapid for this use. Capa- 
bility unit VIIs-2; woodland group 6; community de- 
velopment group 7; outdoor recreation group 9. 


Seaton Series 


The Seaton series.consists of nearly level to very 
Steep, well-drained soils on broad uplands, on narrow 
upland ridges, and in some stream valleys. These soils 
formed in loess that ranges from 6 to 15 feet in thick- 
ness, The native vegetation was mixed hardwood forest. 

In a representative profile the surface layer is very 
dark grayish-brown silt loam about 5 inches thick, and 
the subsurface layer is dark-brown and grayish-brown 
silt loam about 18 inches thick. The subsoil is yellowish- 
brown and dark yellowish-brown friable silt loam 
about 27 inches thick. The underlying material is yel- 
lowish-brown and light olive-brown, very friable silt 
loam (fig. 13). 

Permeability is moderate, and available water ca- 
pacity is very high. The content of organic matter is 
moderate. The content of available phosphorus is 
medium, and that of available potassium is low. 

Most areas are used for crops, forest, and pasture. 
The main limitation is the hazard of erosion. 

Representative profile of Seaton silt loam, 2 to 6 
percent slopes, in a wooded area 20 feet west and 125 
feet north of the southeast corner of SWIANWI4 sec. 
35, T. 112 N., R. 17 W. 


А1—0 to 5 inches, very dark grayish-brown (10YR 3/2) 
silt loam; weak, very fine, granular structure; 


Figure 13.— Profile of Seaton silt loam under hardwood forest. 


yery friable; slightly acid; abrupt, wavy boun- 

ary. 

A21—5 to 8 inches, dark-brown (10YR 4/3) silt loam; 
dark grayish-brown (10YR 4/2) coatings on 
peds; weak to moderate, very thin, platy structure; 
very friable; many, fine and very fine, tubular 
pores; medium acid; abrupt, wavy boundary. 

А22--8 to 14 inches, grayish-brown (10YR 5/2) silt loam; 
weak, medium, platy structure; very friable; many 
very fine, fine, and medium, tubular pores; medium 
acid; abrupt, wavy boundary. 

B&A—14 to 18 inches, dark-brown (10YR 4/3) heavy silt 
loam; grayish-brown (10YR 5/2) porous silty 
coatings on faces of peds; weak to moderate, fine, 
subangular blocky structure; friable; many very 
fine, fine, and medium, tubular pores; strongly 
acid; clear, wavy boundary. 

B21t—18 to 25 inches, dark yellowish-brown (10YR 4/4) 
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heavy silt loam; thin, discontinuous, clean, dark- 
brown (10YR 4/3), silty coatings on faces of 
peds; moderate, fine, subangular blocky structure; 
friable; common, very fine and fine, tubular pores; 
strongly acid; clear, wavy boundary. 

B22t—25 to 35 inches, yellowish- brown (10YR 5/4) heavy 
silt loam; dark-brown (10YR 4/3) coatings on 
faces of реда; moderate, medium, subangular 
blocky structure; friable; common very fine, fine, 
and medium, tubular pores; few thin clean silty 
eoatings; common thin clay films on faces of peds; 
strongly acid; clear, wavy boundary. 

B3t——35 to 45 inches, yellowish- -brown GOYR 5/4) silt 

loam; weak, coarse, prismatic structure; friable; 

few, fine to medium, tubular pores; few thin clay 
films on faces of peds; medium acid; gradual, wavy 
boundary. 

to 55 inches, yellowish-brown (10YR 5/4) silt 

loam; massive; very friable; slightly acid; few 

tubular pores; slightly acid; clear, wavy boundary. 

C2—55 to 70 inches, light olive-brown (2.5Y 5/4) silt loam; 
massive; very friable; mildly alkaline. 


The solum ranges from 36 to 50 inches in thickness. 
Depth to free carbonates ranges from 50 to 70 inches. 
About 50 to 65 percent of the silt-size fraction of the 
solum is fine silt; however, the content of coarse silt in the 
lower 6 to 10 inches of the solum and in the C horizon 
is 50 to 70 percent. 

The A1 horizon ranges from 3 to 6 inches in thickness. 
In cultivated areas the Ap horizon ranges from 6 to 10 
inches in thickness. The A1 and Ap horizons range from 
very dark grayish brown to dark grayish brown. The A2 
horizon commonly ranges from 2 to 10 inches in thickness, 
but it is lacking in some eroded areas. It is dark grayish 
brown, dark brown, or grayish brown. The В&А horizon 
is common in wooded areas, but some places have a B1 
horizon instead. These horizons range from 2 to 6 inches 
in thickness. The B2 horizon ranges from 15 to 30 inches 
in thickness and is dark brown to yellowish brown. It 
typically is heavy silt loam but ranges to silty clay loam. 
The B3 and C horizons are silt loam, and the content of 
coarse silt and very fine sand in these horizons is low to 
high. The C horizon is yellowish brown or light olive brown. 

Seaton soils are near Chaseburg, Dubuque, and Vasa 
Soils, and they are similar to Mt. Carroll soils. They have 
a B horizon, and the Chaseburg soils do not. They do not 
have bedrock above a depth of 40 inches, whereas Dubuque 
‘soils have bedrock at a depth of 20 to 40 inches. They are 
better drained than Vasa soils. They have a thicker A2 
horizon than Mt. Carroll soils. 


Seaton silt loam, 0 to 2 percent slopes [SfA).—This 
soil is on crests of broad uplands. Areas range from 
2 to 20 acres in size. Included in mapping are some 
areas of Vasa soils. 

This soil has no serious limitation to use. Surface 
runoff is medium. Applications of lime and fertilizer 
are needed for maximum production. Minimum tillage 
practices that leave plant residue on the soil are very 
effective in containing surface runoff. 

This soil is used mainly for crops and is well suited 
to this use. It is well suited to small grain, field corn, 
sweet corn, and hay. Capability unit I-1; woodland 
group 1; community development group 6; outdoor 
recreation group 5. 

Seaton silt loam, 2 to 6 percent slopes (SfB].—This 
soil is on convex crests and on side slopes of broad, 
loess-covered uplands. Areas range from 2 to 100 acres 
in size. The profile of this soil is the one described as 
representative of the series. Included in mapping are 
areas of eroded soil that do not have а subsurface 
layer. 

The main limitation is the slight to moderate hazard 
of erosion, especially on the lower part of side slopes. 
In some places the surface layer is low in organic- 
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matter content and crusts easily after rain. Surface 
runoff is medium. All areas need contouring, terracing, 
or minimum tillage that leaves residue on the surface. 
Fertility also needs to be maintained. 

Most areas of this soil are cropped, and some areas 
are pasture or woodland. This soil is well suited to 
crops, especially field corn, small grain, hay, and sweet 
corn. Capability unit Пет: woodland group l; com- 
d development group 6; outdoor recreation group 


Seaton silt loam, 6 to 12 percent slopes, eroded (SfC2). 
—This soil is on convex side slopes adjacent to drain- 
ageways in the uplands. Slopes are 200 to 400 feet long. 
Areas range from 2 to 20 acres in size. The profile of 
this soil is similar to the one described as representa- 
tive of the series, but it lacks a subsurface layer and 
has a thinner subsoil that is partly mixed into the 
surface layer. Included in mapping are some areas of 
slightly eroded Seaton, Racine, and Timula soils. 

The main limitation to farming is the severe hazard 
of erosion, It is very serious in areas that lack plant 
cover, especially during seedbed preparation and early 
plant growth. The hazard of erosion is also severe in 
areas that are extensively graded or excavated. Surface 
runoff is medium. Where the surface layer crusts easily, 
runoff is increased. The main management needs are 
practices that control erosion and runoff. 

This soil is used mainly for erops. It is suited to 
corn, small grain, and hay. Soybeans are not so well 
suited, because they increase erosion. Special care is 
needed to control excessive erosion in all cultivated 
areas, however. Capability unit Ше-1; woodland group 
1; community development group 6; outdoor recreation 
group 6. 

Seaton silt loam, 12 to 18 percent slopes, eroded 
(SfD2).— This soil is on convex side slopes in the uplands. 
It is principally along long, entrenched, natural drain- 
ageways and partly along the upper part of narrow 
ridges adjacent to major stream valleys. Slopes range 
from 100 to 300 feet in length. Areas range from 2 
to 20 acres in size. The profile of this soil is similar to 
the one described as representative of the series, but 
it lacks the subsurface layer and upper part of the 
subsoil, and part of the subsoil has been mixed into 
the surface layer. Included in mapping are areas of 
auque and Racine soils and slightly eroded Seaton 
soils. 

The main limitation to farming is the severe hazard 
of erosion. It is very serious in areas that lack plant 
cover, especially during seedbed preparation and early 
plant growth. The hazard of erosion is also severe in 
areas that are extensively graded or excavated. Sur- 
face runoff is rapid. The main management concern is 
control of erosion and runoff. Tilth is improved by 
minimum tillage practices. 

This soil is used mainly for crops. It is suited to corn, 
small grain, and hay. Growing soybeans can cause seri- 
ous erosion. Special care is needed to limit erosion 
in eultivated areas. Some areas need to be converted 
to permanent pasture. Capability unit IVe-1; woodland 
group 1; community development group 6; outdoor 
recreation group 6. 

Seaton silt loam, 18 to 25 percent slopes (SfE].—This 
soil is on side slopes in the uplands. It is principally 
along the long, entrenched, natural drainageways, and 
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some areas are along the upper part of narrow upland 
ridges adjacent to stream valleys. Slopes range from 
100 to 300 feet in length. Areas range from 2 to 20 
acres in size. The profile of this soil is similar to the 
one described as representative of the series, but in 
cultivated areas the surface layer is thicker and the 
subsurface layer is thinner or is lacking. Included in 
mapping are areas of some severely eroded soils and 
some Dubuque soils. 

The main limitation is the severe hazard of erosion. 
It is very serious in areas that lack plant cover, espe- 
cially during seedbed preparation and early plant 
growth..Surface runoff is rapid. The main manage- 
ment concern is to control runoff and erosion during 
critical periods. Some areas should be converted to 
permanent vegetation if erosion is too serious. Capa- 
bility unit VlIe-1; woodland group 1; community de- 
velopment group 8; outdoor recreation group 9. 

Seaton silt loam, valleys, 6 to 12 percent slopes, 
eroded (ShC2).—This soil is on smooth foot slopes at 
the base of valley walls. Slopes are generally 100 to 
300 feet long, and are longer where contiguous with 
other Seaton soils. Áreas range from 2 to 20 acres in 
Size. The profile of this soil is similar to the one de- 
scribed as representative of the series, but in eultivated 
areas the subsurface layer and a small part of the 
subsoil have been lost through erosion. Roeky residuum 
from limestone and sandstone underlies this soil at a 
depth of 6 to 20 feet in most areas. Included in mapping 
are some areas of Lindstrom soils, Timula soils, and 
severely eroded Seaton soils. 

The main limitation to farming is the moderate haz- 
ard of erosion. It is most serious in areas that lack 
plant cover, especially during seedbed preparation and 
early plant growth. Surface runoff is medium, and 
runoff is also received from adjacent soils on foot slopes 
and valley walls. The main management need is to 
control erosion and runoff. The hazard of erosion is 
severe in extensively graded or excavated areas. 

This soil is used for crops, pasture, or woodland. It 
is well suited to corn, small grain, and hay. Capability 
unit Ше-1; woodland group 1; community develop- 
ment group 6; outdoor recreation group 6. 

Seaton silt loam, valleys, 12 to 18 percent slopes, 
eroded (ShD2).—This soil is on smooth foot slopes at the 
base of valley walls. Slopes range from 100 to 300 
feet in length and are smooth in most areas. Areas 
range from 2 to 30 acres in size. The profile of this 
soil is similar to the one described as representative of 
the series, but in cultivated areas the subsurface layer 
and part of the subsoil have been lost through erosion. 
In most places this soil is underlain at a depth of 6 
to 15 feet by rocky residuum weathered from lime- 
stone and sandstone. Included in mapping are some 
areas of Lindstrom and Timula soils. 

The main limitation to farming is the severe hazard 
of erosion, especially in areas that lack plant cover 
and those in seedbed preparation and early plant 
growth. The hazard of erosion is also severe in exten- 
sively graded or excavated areas. Runoff is rapid in 
overgrazed areas. This soil also receives runoff from 
soils upslope on valley walls. The main management 
need is to control erosion and runoff. 

This soil is used as cropland, pasture, or woodland. 
It is suited to corn, small grain, and hay, although 


special care is needed to control erosion caused by 
cultivation. It is well suited to pasture or woodland. 
Grazing needs to be controlled to reduce runoff. Capa- 
bility unit IVe-1; woodland group 1; community de- 
velopment group 6; outdoor recreation group 6. 

Seaton silt loam, valleys, 18 to 25 percent slopes (ShE). 
—This soil is on smooth foot slopes at the base of valley 
walls. Slopes are generally 100 to 300 feet long, and are 
longer where contiguous with other Seaton soils. Areas 
range from 2 to 30 acres in size. The profile of this 
soil is similar to the one described as representative 
of the series, but the surface layer is thicker and darker 
because of soil accumulated through downslope creep. 
Also, the surface layer contains more sand and pieces 
of rock that have been dislodged from valley walls. In 
most places this soil is underlain at a depth of 6 to 15 
feet by rocky residuum derived from limestone and 
sandstone. Included in mapping are some areas of 
Lindstrom, Timula, and severely eroded Seaton soils 
and Frontenac soils on valley walls. 

The main limitation is the very severe hazard of 
erosion, especially in areas that lack plant cover and 
those in seedbed preparation and early plant growth. 
Runoff is rapid because of lack of cover and overgraz- 
ing. The main management needs are practices that 
control erosion and contain runoff. 

This soil is used for crops, pasture, or woodland. It 
is better suited to permanent pasture or woodland than 
to corn and small grain because of the very severe 
hazard of erosion. Controlled grazing is essential to re- 
duce runoff. Capability unit VIe-1; woodland group 1; 
community development group 8; outdoor recreation 
group 9. 

Seaton complex, 6 to 12 percent slopes, eroded 
(SkC2).—This complex is on circular knolls on broad 
uplands. It is about 60 percent Seaton silt loam and 40 
percent Lilah sandy loam and Kegonsa silt loam. The 
Шаһ «and Kegonsa soils that are shallow and mod- 
erately deep to gravel are on the crests of the knolls, 
and the Seaton soil is on the sides of the knolls. Areas 
range from 2 to 30 acres in size. Slopes are 75 to 200 
feet long. 

The profile of the Seaton soil is similar to the óne 
described as representative of the series, but because 
of cultivation and erosion, the subsurface layer is miss- 
ing. These soils are about 1 foot to 15 feet of loess 
underlain by weathered gravelly outwash. The loess is 
very thin or is missing in the Lilah and Kegonsa soils. 
The weathered outwash is about 5 to 30 feet thick and 
is underlain by sandstone or loamy glacial till. 

The hazard of erosion is moderate. The hazard of 
drought is moderate to severe in Kegonsa and Lilah 
soils. Runoff is medium in areas that lack vegetation, 
are closely grazed, or are in seedbed preparation. The 
main management need is to control erosion and 
runoff, 

This complex is used for crops, pasture, or hay. It 
is suited to corn, small grain, and hay. Capability unit 
Ше-1; woodland group 1; community development 
group 6; outdoor recreation group 6. 

Seaton complex, 12 to 25 percent slopes, eroded 
(SkD2).—This complex is on circular knolls on broad 
uplands. It is about 55 percent Seaton silt loam and 45 
percent Lilah sandy loam and Kegonsa silt loam. The 
Lilah and Kegonsa soils are distinctive gravelly out- 
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croppings on the crests or points of the knolls. The 
Seaton soil is on all lower side slopes and saddlelike 
areas and in drainageways around these crests or 
points. Loess is thicker in these areas. Slopes range 
from 75 to 200 feet in length. Areas range from 2 to 
15 acres in size. 

The profile of the Seaton soil is similar to the one 
described as representative of the series, but it is 
eroded and lacks the subsurface layer and part of the 
subsoil. Included in mapping are some Eleva soils that 
have sandstone nearer the surface. 

The hazard of erosion is very severe. The hazard 
of drought is moderate to severe on Kegonsa and Lilah 
soils. Runoff is rapid in areas that lack vegetation, are 
closely grazed, or are in seedbed preparation. The main 
management concerns are to control erosion and con- 
tain runoff. 

This complex is used for crops, pasture, and hay. 
It is better suited to pasture in areas where grazing 
is controlled to reduce runoff. Corn, small grain, and 
hay can be grown if soil conserving practices are used. 
Capability unit IVe-1; woodland group 1; community 
development group 6; outdoor recreation group 6. 

Seaton, Timula, and Bold silt loams, steep (SIE).— 
These soils are on the upper parts of valley walls and 
on the foot slopes below. Some areas are along the 
long, entrenched drainageways in the uplands. Slopes 
range from 100 to 200 feet in length. Areas range from 
2 to 30 acres in size. 

Seaton soils make up about 40 percent of this unit, 
Timula soils about 30 percent, and Bold soils about 25 
percent. These soils do not occur in any pattern, and 
they occupy similar positions on the landscape. Timula 
and Bold soils, however, are near less sloping Timula 
soils, and Seaton soils are near less sloping Seaton 
soils. Included in mapping are some areas of Dubuque, 
Frontenac, or Marlean soils. They make up about 5 
percent of the acreage. 

The hazard of erosion is very severe in areas that 
lack vegetation, especially those used for crops. It is 
excessive in cultivated and overgrazed areas. The haz- 
ard of erosion is so severe that these soils are generally 
not farmed, although crops grow well on them. Sur- 
face runoff is very rapid. 

These soils should be converted to permanent vegeta- 
tion such as woodland or pasture. Grazing needs to be 
carefully controlled. Capability unit VIIe-1; woodland 
group 1; community development group 8; outdoor 
recreation group 9. 


Shullsburg Series 


The Shullsburg series consists of gently sloping to 
sloping somewhat poorly drained soils on concave sides 
of narrow upland ridges and on walls of river valleys. 
These soils formed in loess, shale residuum, or shale. 
The native vegetation was tall prairie grasses. 

In a representative profile the surface layer is black 
silty clay loam about 13 inches thick. The subsoil is 29 
inches thick. The upper 6 inches is mottled, dark-gray, 
firm clay that has some black material from the sur- 
face layer. The lower 23 inches is mottled, gray, firm 
clay. The underlying material is mottled gray, olive, 
and greenish-gray, firm clay about 8 inches thick. Be- 
low this is greenish-gray soft shale. 


Permeability is slow, and available water capacity is 
moderate to high. The content of organic matter is 
high. The content of available phosphorus and potas- 
sium is medium. 

Most areas are used for pasture or crops. The main 
limitation is the hazard of seasonal wetness. 

Representative profile of Shullsburg silty clay loam, 
2 to 14 percent slopes, in a cultivated .area 460 feet 
south and 320 feet west of the northeast corner of 
NWIANET, sec. 19, T. 112 N., В. 17 W. 


A11—0 to 8 inches, black (10YR 2/1) silty clay loam; 
moderate, fine, subangular blocky structure; fri- 
able; strongly acid; abrupt, wavy boundary. 

А12—8 to 13 inches, Маек (10YR 2/1) heavy silty clay 
loam; strong, fine, granular structure; firm; about 
2 percent gravel; strongly acid; clear, wavy bound- 


ary. 

IIB21tg—13 to 19 inches, dark-gray (10YR 4/1) clay; 
common mixings of blaek (10YR 2/1); many, fine 
and medium, prominent, yellowish-brown (10YR 
5/6) mottles; strong, fine, granular structure; 
firn; about 8 percent gravel; common thin clay 
films on faces of peds; strongly acid; clear, 
irregular boundary. 

IIB22tg—19 to 38 inches, gray (БҮ 5/1) clay; many, 
coarse, distinct, olive-brown (2.5Y 4/4) mottles 
and dark-gray (10YR 4/1) coatings on faces of 
peds; common, large mixings of black (10YR 2/1) 
and common, large masses of greenish-gray (5G 
6/1) weathered shale; moderate, medium, pris- 
matic structure parting to moderate, fine, sub- 
angular blocky; firm; common, very fine and fine 
tubular pores; about 2 percent gravel; common 
thin clay films; strongly acid; clear, irregular 
boundary. 

IIB3g—38 to 42 inches, gray (5Y 5/1) clay; many, coarse, 
distinct, olive (БУ 5/4) mottles and common, large, 
distinet greenish-gray (56 6/1) soft shale masses; 
common, medium, dark-brown (7.5YR 3/2), soft 
oxide masses; weak, medium, subangular blocky 
Structure; firm; about 8 percent coarse gravel; 
medium acid; clear, irregular boundary. 

IIC—42 to 50 inches, mottled gray (5Y 5/1), olive (5Y 
5/4), and greenish-gray (5G 6/1) clay; massive; 
firm; mildly alkaline. 

IIR—50 to 60 inches, greenish-gray (5G 6/1) soft shale. 


The solum ranges from 24 to 48 inches in thickness. The 
loess mantle ranges from 5 to 20 inches in thickness. Depth 
to free carbonates ranges from 25 to 60 inches. The A 
horizon ranges from 10 to 20 inches in thickness and from 
black to very dark brown or very dark gray in color. It 
is heavy silt loam or silty clay loam. Reaction in this 
horizon ranges from strongly acid to neutral. The B 
horizon ranges from dark gray or gray to grayish brown 
or olive gray. It is heavy silty clay loam, silty clay, or 
clay and has common to many, olive, olive-brown, or yel- 
lowish brown mottles. Masses of material from the А 
horizon range from 5 to 25 percent of the upper part 
of the B horizon. Reaction in this horizon ranges from 
strongly acid to neutral. The R horizon is shale bedrock 
that ranges from soft to hard and from neutral to mildly 
alkaline. 

The Shullsburg soils in Goodhue County have a grayer 
B horizon than is defined in the range for the series. This 
difference does not alter use and management. 

Shullsburg soils are near Schapville soils, They are 
deeper over shale, are wetter, and have a grayer B horizon 
than Schapville soils. 


Shullsburg silty clay loam, 2 to 14 percent slopes 
(SmC].—This soil is mainly on concave side slopes on 
the upper part of upland ridges that receive runoff 
and seepage from higher lying soils. Some areas are 
near the base of valley walls and are a part of some 
foot slopes. Slopes range from 100 to 300 feet in length. 
Areas range from 2 to 20 acres in size. Included in 
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mapping are some seepy areas that have free-flowing 
springs that can be developed as a source of water. 
These areas are as much as 5 асгез in size and are 
indicated on the detailed soil map by the symbol for 
wet spots. 

The main limitation is the slight or moderate hazard 
of wetness; the surface layer and underlying material 
are very sticky and difficult to work when wet. This 
limitation is most significant following spring runoff 
or slow, saturating rain, Surface runoff is medium, 
and infiltration is slow or very slow. The main manage- 
ment need is to establish sod in waterways to provide 
good surface drainage. Some fields that have been fall 
plowed and are prepared the following spring for grain 
or row crops are susceptible to erosion. 

This soil is used mostly for crops and is well suited 
to this use. Small grain, corn, soybeans, and hay are 
the main crops grown. This soil is also well suited to 
pasture. The seepy areas are mostly limited to pasture. 
Some areas near expanding communities can be de- 
veloped for residential or related uses, but the slow 
percolation is a severe limitation for septic tank ab- 
sorption fields, and the high shrink-swell potential is 
a limitation for building sites. Some areas of this soil 
creep downslope. Capability unit IIIw-2; woodland 
group 2; community development group 5; outdoor 
recreation group 4. 


Skyberg Series 


The Skyberg series consists of nearly level, some- 
what poorly drained soils on side slopes and crests of 
broad uplands. These soils formed in silty sediment 
and firm loamy glacial till. The native vegetation was 
dominantly oak forest. 

In a representative profile, the surface layer is very 
dark gray silt loam about 7 inches thick, and the sub- 
surface layer is dark grayish-brown and grayish-brown 
silt loam about 5 inches thick. The upper 10 inches of 
the subsoil is grayish-brown, friable silty clay loam 
that has strong-brown mottles. The lower 38 inches of 
the subsoil is yellowish-brown, firm loam that has 
grayish-brown mottles. The underlying material is 
mottled, yellowish-brown loam. 

Permeability is moderately slow, and available water 
capacity is high. The content of organic matter is 
moderate. The content of available phosphorus is me- 
dium, and that of potassium is low. A seasonal water 
table is at a depth of 1 foot to 3 feet. 

Most areas are used for crops, and some are in pas- 
ture. These soils are well suited to corn and soybeans, 
but soybeans require more lime. The main limitation 
is the hazard of wetness. 

Representative profile of Skyberg silt loam, 1,310 
feet north and 500 feet east of the southwest corner 
of sec. 14, T. 109 N., R. 17 W. 


Ap—0 to 7 inches, very dark gray (10YR 3/1) silt loam, 
gray (10YR 5/1) dry; weak, fine, subangular 
blocky structure; friable; slightly acid; abrupt, 
smooth boundary. 

A21—7 to 9 inches, dark grayish-brown (10YR 4/2) silt 
loam; common, fine, faint, brown (10YR 4/3) mot- 
tles; moderate, thin, platy structure; friable; com- 
mon very dark gray (10YR 3/1) coatings on faces 
of peds; few black (10YR 2/1) worm channels; 

medium acid; abrupt, smooth boundary. 


A22—9 to 12 inches, grayish-brown (2.5Y 5/2) silt loam; 
common, fine, distinct, brown (10YR 4/3) mottles; 
moderate, thick, platy structure; friable; strongly 
acid; clear, wavy boundary. 

B21tg—12 to 18 inches, grayish-brown (2.5Y 5/2) silty 
clay loam; common, fine, distinct, strong-brown 
(7.5 YR 5/6) mottles; moderate, fine, subangular 
blocky structure; friable; common, thin, dark 
grayish-brown (2.5Y 4/2) and grayish-brown 
(2.5Y 5/2) clay films on faces of peds; many, fine, 
tubular pores; strongly acid; clear, wavy bound- 


ary. 

B22tg—18 to 22 inches, grayish-brown (2.5Y 5/2) silty clay 
loam; many, fine, distinct, yellowish-brown (10YR 
5/8) mottles; moderate, fine, subangular blocky 
Structure; friable; few, thin, dark grayish-brown 
(2.5Y 4/2) and grayish-brown (2.5Y 5/2) clay 
films on faces of peds; strongly acid; abrupt, wavy 
boundary. 

IIB23t—22 to 26 inches, yellowish-brown (10YR 5/6) loam; 
many, fine, distinct, grayish-brown (2.5Y 5/2) 
mottles; moderate, medium and coarse, prismatic 
structure; firm; thick, porous, sandy, grayish- 
brown (2.5Y 5/2) coatings on faces of peds; few 
thin clay films in pores; thin stone line in upper 
part of horizon, about 4 percent coarse fragments 
in lower part; strongly acid; abrupt, wavy bound- 


ary. 

IIB24t—26 to 36 inches, yellowish-brown (10YR 5/6) loam; 
many, fine and medium, distinct, grayish-brown 
(2.5Y 5/2) mottles; strong, coarse, prismatic 
Structure; very firm; thick, porous, sandy, grayish- 
brown (2.5Y 5/2) coatings on faces of peds; few 
thin clay films in pores; few fine black concretions; 
about 4 percent coarse fragments; medium acid; 
abrupt, wavy boundary. 

1183—36 to 60 inches, yellowish-brown (10YR 5/6) loam; 
many, fine, distinct, grayish-brown (2.5Y 5/2) 
mottles; weak, coarse, subangular blocky struc- 
ture; firm; few, thin, sandy, grayish-brown 
(2.5Y 5/2) coatings on vertical faces of peds in 
upper part of horizon; about 4 percent coarse 
fragments; slightly acid in upper part, grading 
to neutral in lower part; clear, wavy boundary. 

IIC— 60 to 66 inches, yellowish-brown (10YR 5/6) loam; 
many, fine, distinct, light olive-brown (2.5Y 5/4) 
and grayish-brown (2.5У 5/2) mottles; massive; 
firm; few, light-gray (10YR 7/2) limy segrega- 
tions; about 4 percent coarse fragments; mildly 
alkaline; slightly effervescent. 


Thickness of the solum, or depth to free carbonates, 
ranges from 42 to 70 inches. The loess mantle ranges from 
16 to 24 inches in thickness. The IIB and IIC horizons 
formed in glacial till and range from 2 to 8 percent gravel 
or cobblestones. A stone line, pebble band, or partly sorted 
layer as much as 10 inches thiek commonly separates the 
two sediments. 

The А horizon is silt loam or silty clay loam. The Ар 
ог А1 horizon ranges from 6 to 10 inches in thickness and 
from black to very dark grayish brown in color. The В 
horizon in the loess is heavy silt loam or silty clay loam. 
The IIB horizon is loam or clay loam and ranges from 
20 to 40 inches in thickness. 

Skyberg soils are near Kasson and Maxfield soils. They 
have a grayer profile than Kasson soils. They differ from 
Maxfield soils by having an A2 horizon and a thinner Al 

orizon. 


Skyberg silt loam (0 to 2 percent slopes) (Sn).—This 
soil is at the heads and flanks of natural drainageways. 
It is between Kasson soils on high summits and Max- 
field soils along drainageways and in swales. Areas 
range from 5 to 30 acres in size (fig. 14). 

The main limitation is the hazard of wetness, which 
restriets the depth of roots. This soil is very difficult 
to manage during wet periods. Surface runoff is slow, 
and runoff collects from soils upslope. The surface 
layer easily becomes hard and cloddy if worked when 
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Figure 14.—Typical landscape of Skyberg silt loam. The contrasting darker colored areas іп the background are Maxfield soils. 


too wet. The main management needs for farming are 
artificial drainage and fall plowing. Under this type of 
management, the growing season is lengthened because 
of earlier access to fields for seedbed preparation and 
faster warming of the soil in spring. Some waterways 
are also needed to contain and carry off surface runoff. 
Most of the acreage is used for crops or pasture. This 
soil is well suited to crops, and adequately drained areas 
are especially well suited to corn and soybeans. Capa- 
bility unit IITw-2; woodland group 2; community de- 
velopment group 2; outdoor recreation group 4. 


Sogn Series 


The Sogn series consists of moderately steep to very 
steep, somewhat excessively drained soils on convex 
upper parts of southwest-facing valley walls and hill- 
sides. These soils formed in thin loamy sediment un- 
derlain by limestone bedrock. The native vegetation 
was dryland prairie grasses. 

In a representative profile the surface layer is very 


dark grayish-brown flaggy loam about 6 inches thick. 
The subsoil is dark grayish-brown, friable flaggy loam 
about 10 inches thick. It is underlain by limestone 
bedrock. 

Permeability is moderate, and available water ca- 
pacity is very low. The content of organic matter is 
moderate. The content of available phosphorus and 
potassium is low. 

Most areas are idle or are in pasture. The main 
limitations are hazards of drought and erosion. 

Representative profile of Sogn flaggy loam in an 
area of Sogn and Copaston soils, 12 to 25 percent 
slopes, 620 feet west and 165 feet south of the north- 
east corner of sec. 13, T. 110 N., R. 17 W. 

A1—0 to 6 inches, very dark grayish-brown (10YR 3/2) 
flaggy loam; weak, very fine, granular structure; 
friable; many roots; about 20 percent rock frag- 
ments, mostly flagstones and channers; moderately 
alkaline; slightly  effervescent; abrupt, wavy 
boundary. 

В2- 6 to 16 inches, dark grayish-brown (10YR 4/2) flaggy 
loam; weak, fine, subangular blocky structure; 
friable; common tubular mixings of very dark 
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grayish brown (10YR 3/2); common coatings of 
lime as much as 2 millimeters thick on underside 
of fragments; about 35 percent rock fragments, 
mostly flagstones, channers, and stones; moder- 
ately alkaline; strongly effervescent; abrupt, wavy 
boundary. 

IIR—16 inches, limestone bedrock. 


The solum ranges from 8 to 20 inches in thickness. The 
Al horizon ranges from 4 to 8 inches in thickness. It is 
black, very dark grayish-brown, or very dark brown flaggy 
loam or loam. The B horizon ranges from 4 to 12 inches 
in thickness, It is dark grayish brown or dark brown and 
ranges from flaggy silt loam of flaggy loam to flaggy clay 
loam. The A and В horizons range from 20 to 85 percent 
coarse fragments that are flagstones, channers, and stones. 
The IIR horizon is dolomite or limestone bedrock of Galena, 
Platteville, Shakopee, and Oneota Formations. 

Sogn soils are near Bellechester, Brodale, and Copaston 
soils. They are loamy and have bedrock at a shallow depth, 
whereas Bellechester soils are sandy and have bedrock at 
a greater depth. They have bedrock at a shallower depth 
than Brodale soils, They have free carbonates throughout 
the solum, but Copaston soils do not have free carbonates 
in most of the solum. 


Sogn and Copaston soils, 12 to 25 percent slopes 
(SoD).—These soils are on sides of narrow upland ridges. 
Sogn soils have mostly south-facing and west-facing 
slopes, and Copaston soils principally are on north- 
facing and east-facing slopes. Areas range from 2 to 
15 acres in size. 

Sogn soils make up about 60 percent of this unit, 
and Copaston soils about 40 percent. The profile of the 
Sogn soil is that described as representative of the 
Sogn series; the profile of the Copaston soil is similar 
to that described as representative of the Copaston 
series, but it contains more coarse fragments. Included 
in mapping are some areas of Copaston loam, mod- 
erately deep. 

The main limitations are the severe hazards of 
drought and erosion. Surface runoff is rapid. The main 
management need is to control erosion and runoff, 
and permanent vegetation is effective. The hazard of 
drought is too severe for any crops. 

This unit is used mostly for pasture. Some areas are 
woodland, and very few are used for crops. This unit 
is well suited to woodland because it controls runoff. 
Areas used for pasture require very close control of 
grazing because of excessive runoff and erosion. Soils 
should not be used for septic tank absorption fields 
because pollution is a hazard. Capability unit УПз-2; 
woodland group 6; community development group 7; 
outdoor recreation group 9. 


Sparta Series 


The Sparta series consists of nearly level, excessively 
drained soils on benches of major streams. These soils 
formed in sandy outwash. The native vegetation was 
grasses. 

In a representative profile the surface layer is very 
dark brown loamy sand about 8 inches thick, and the 
subsurface layer is very dark brown and dark-brown 
loamy coarse sand about 11 inches thick. The subsoil 
is dark-brown, loose coarse sand about 21 inches thick. 
The underlying material is yellowish-brown coarse 
sand. 

Permeability is very rapid, and available water ca- 
paeity is low. The content of organic matter is mod- 


erately low. The content of available phosphorus and 
potassium is low. . 

Most areas are used for crops or pasture. The main 
limitation is the hazard of drought. 

Representative profile of Sparta loamy sand, 0 to 3 
percent slopes, in a cultivated field 400 feet east and 
200 feet north of the southwest corner of SESE 
sec. 81, T. 114 N., R. 15 W. - 


Ap—0 to 8 inches, very dark brown (10УК 2/2) loamy 
sand; weak, fine, granular structure; loose; about 
5 percent very fine gravel; strongly acid; abrupt, 
smooth boundary. 

А12—8 to 11 inches, very dark brown (10YR 2/2) loamy 
sand, high in content of coarse sand; weak, fine, 
granular structure; loose; about 5 percent very 
fine gravel; strongly acid; clear, wavy boundary. 

A3—11 to 19 inches, dark-brown (10YR 3/3) loamy coarse 
sand; single grained; loose; about 10 percent very 
fine gravel; strongly acid; clear, wavy boundary. 

B2—19 to 40 inches, dark-brown (10YR 4/3) coarse sand; 
single grained; loose; about 10 percent very fine 
gravel; medium acid; abrupt, wavy boundary. 

C—40 to 60 inches, yellowish-brown (10YR 5/4) coarse 
sand; single grained; loose; medium acid; about 
15 percent very fine gravel; medium acid. 

The solum ranges from 30 to 50 inches in thickness. The 
solum and upper part of the underlying material are 
typically free of carbonates. Very fine gravel is as much as 
10 percent of the solum in some places. The solum ranges 
from slightly acid to strongly acid. The A horizon ranges 
from 10 to 20 inches in thickness. The Ap or A1 horizon 
is mostly very dark brown but is very dark grayish brown 
in a few places. It is typically loamy sand, but ranges to 
loamy coarse sand. The B horizon is dark-brown or brown 
sand or coarse sand. The C horizon is typically coarse sand 
that is as much as 15 percent very fine gravel. 

Sparta soils are near Estherville and Plainfield soils. 
They contain less silt and clay and more sand in the solum 
than Estherville soils. They have a thicker dark-colored 
A horizon than Plainfield soils. 


Sparta loamy sand, 0 to 3 percent slopes (SpA).—This 
soil is on stream benches. Areas are wide and can make 
up à large part of the benches. They range from 5 to 
200 acres in size. Slopes are smooth and decline in the 
nd of the escarpments adjacent to the flood 
plain. 

The hazard of drought is severe because available 
water capacity is low. Irrigation is feasible in some 
areas, but applications need to be more frequent 
because available water capacity is especially low in 
the upper part of the soil. Surface runoff is very slight. 
The hazard of erosion or soil blowing is severe in open 
areas that lack plant or crop cover. The sediment from 
this soil collects as drifts on field or woodlot borders 
and along road ditches and other legal rights of way. 
The drifting sand is abrasive and damages property 
and vegetation. Some deep gullies occur along escarp- 
ments where surface runoff spills over. 

This soil is used for crops, woodland, or pasture, or 
it is idle. It is suited to some crops. Early maturing 
crops that can be planted early should be selected to 
best utilize the early and more frequent rain showers. 
Where the soil is used as a septic tank absorption field 
and the water table is below a depth of 10 to 15 feet, 
pollution is а hazard because the underlying material 
is rapidly permeable. Capability unit IVs-1; woodland 
group 4; community development group 3; outdoor 
recreation group 11. 
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Terril Series 


The Тегх! series consists of gently sloping to steep, 
well-drained soils on concave foot slopes at the base 
of valley walls. These soils formed in loamy sediment. 
The native vegetation was tall prairie grasses. 

In a representative profile the surface layer is very 
dark grayish-brown sandy loam and loam about 28 
inches thick. The upper 6 inches of the subsoil is dark 
yellowish-brown, friable clay loam; the lower 8 inches 
is yellowish-brown, friable sandy loam. The underlying 
material is yellowish-brown heavy sandy loam. Light 
yellowish-brown, loose sand is at a depth of 68 inches. 

Permeability is moderate, and available water ca- 
pacity is high. The content of organic matter is mod- 
erate. The content of available phosphorus is medium, 
and that of potassium is low. 

Most areas are used for crops or pasture. The main 
limitation is the hazard of erosion. 

Representative profile of Terril sandy loam, 12 to 
25 percent slopes, 330 feet east and 100 feet north of 
the center of sec. Б, T. 111 N., R. 18 W. 


А1—0 to 10 inches, very dark grayish-brown (10YR 3/2) 
sandy loam; weak, very fine, granular structure; 
very friable; slightly acid; clear, wavy boundary. 

A3—10 to 28 inches, very dark grayish-brown (10YR 3/2) 
loam; weak, fine, subangular blocky structure; 
friable; many, very fine and fine, tubular pores; 
slightly acid; abrupt, wavy boundary. 

B2—28 to 84 inches, dark yellowish-brown (10YR 4/4) 
clay loam; dark-brown (10YR 4/3) coatings on 
faces of peds; weak to moderate, medium, sub- 
angular blocky structure; friable; many, very fine, 
fine, and medium, tubular pores; medium acid; 
abrupt, wavy boundary. 

B3—34 to 42 inches, dark yellowish-brown (10YR 4/4) 
sandy loam; dark-brown (10YR 4/3) coatings on 
faces of peds; weak, medium, subangular blocky 
structure; friable; common, very fine and fine, 
tubular pores; medium acid; abrupt, wavy bound- 
ary. 

C1—42 to 68 inches, yellowish-brown (10YR 5/4) heavy 
sandy loam; common thin strata of very fine sandy 
loam and sand; massive; very friable; medium 
acid; abrupt, wavy boundary. 

IIC2—68 to 70 inches, light yellowish-brown (10YR 6/4) 
sand; single grained; loose; medium acid. 


The solum ranges from 40 to 65 inches in thickness. Free 
earbonates are absent in most places, but are at a depth 
of 65 inches or more in some places. Depth to sand ranges 
from 50 to 70 inches. Sandstone bedrock typically begins at 
a depth ranging from 60 to 80 inches, but it is lacking in 
some places. The À horizon ranges from 24 to 35 inches 
in thickness. The А1 horizon ranges from black to very 
dark grayish brown and is loam or sandy loam, The A3 
horizon ranges from very dark brown to dark brown. It is 
typically loam but is sandy loam in some places. The B 
horizon ranges from 12 to 40 inches in thickness. Some sub- 
horizons of the B horizon are silt loam or silty clay loam. 
The C1 horizon is loam or sandy loam. 

Terril soils in Goodhue County are slightly coarser tex- 
tured in the upper part of the solum and in the C horizon 
than is defined as the range for the series. This difference 
does not alter use or behavior. 

Terril soils are near Dickinson, Lindstrom, and Belle- 
chester soils. They have a thicker А horizon and contain 
less sand than Dickinson soils. They contain more sand and 
less silt than Lindstrom soils. They contain more silt and 
clay and less sand than Bellechester soils. 


Terril sandy loam, 2 to 6 percent slopes (TeB).—This 
501 is on the lower part of foot slopes near the base 
of valley walls. Most areas are just above level Dickin- 
son soils on stream benches. Áreas are concave or 


saucer shaped and collect runoff from soils upslope. 
They range from 2 to 30 acres in size. Slopes range 
from 100 to 300 feet in length. This soil has a profile 
similar to that described as representative of the series, 
but the sand is at a depth of about 55 inches. Included 
in mapping are some Dickinson soils. 

The main limitation is the hazard of erosion, because 
runoff collects on this soil. Surface runoff is medium. 
The main management need is to control runoff by 
terraces and dams upslope. Permanent vegetation, 
preferably woodland on valley walls, is also needed. 

Most of the acreage is used for crops or pasture. 
This soil is well suited to corn, soybeans, small grain, 
and hay. Capability unit IIe-1; woodland group 1; 
eommunity development group 6; outdoor recreation 
group 5. 

Terril sandy loam, 6 to 12 percent slopes (TeC].—This 
soil is on foot slopes near the base of valley walls. Most 
areas are just above or surround less sloping Terril or 
Dickinson soils. They are concave or saucer shaped and 
are contiguous with other Terril soils. They range from 
2 to 30 acres in size. Slopes range from 100 to 300 feet 
in length. Included in mapping are some areas of 
Dickinson soils. 

The main limitations are hazards of erosion from 
runoff that collects on this soil and siltation in culti- 
vated fields. Surface runoff is medium. The main man- 
agement need is to control surface runoff by terraces 
and dams upslope. Soil conserving practices and main- 
tenance of fertility are important. Permanent vegeta- 
tion, preferably woodland, is needed on valley walls. 

Most of the acreage is used for pasture or crops. This 
soil is well suited to corn, small grain, and hay crops. 
Capability unit IIIe-1; woodland group 1; community 
development group 6; outdoor recreation group 6. 

Terril sandy loam, 12 to 25 percent slopes (TeD).— 
This soil is on the upper parts of foot slopes near the 
base of valley walls. Areas are smooth to concave and 
are above and contiguous with less sloping Terril or 
Lindstrom soils. They range from 2 to 30 acres in size. 
Slopes range from 100 to 300 feet in length. Included 
in mapping are some areas of soils that are loamy sand 
in the upper 12 to 24 inches. 

The main limitations are severe hazards of erosion 
from runoff that collects on this soil and of siltation in 
cultivated fields. Surface runoff is rapid. The main 
management need is to control surface runoff and 
downwaste materials by terraces or dams upslope and 
to plant permanent vegetation, preferably trees, on val- 
ley walls. Soil conserving practices and maintenance 
of fertility are needed in cultivated areas. 

This soil is used for crops or pasture. It is well suited 
to permanent pasture. Under good management it is 
well suited to corn and small grain. Capability unit 
IVe-1; woodland group 1; community development 
group 8; outdoor recreation group 6. 


Timula Series 


The Timula series consists of gently sloping to very 
Steep, well-drained soils on convex, circular knolls or 
pahas on narrow and broad upland ridges (fig. 15). 
Тһеве soils formed in loess. The native vegetation was 
deciduous forest. 

In a representative profile the surface layer is very 
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Figure 15.—Timula silt loam опа paha, or low hill of loess. 


dark grayish-brown silt loam about 6 inches thick. The 
subsoil is yellowish-brown, very friable silt loam about 
20 inches thick. The underlying material is light olive- 
brown, very friable silt loam. 

Permeability is moderate, and available water ca- 
pacity is very high. The content of organic matter is 
moderately low. The content of available nitrogen, 
phosphorus, and potassium is low. 

Most areas are used for crops or pasture. The main 
limitation is the hazard of erosion. 

Representative profile of Timula silt loam, 2 to 6 
percent slopes, 300 feet west and 100 feet south of the 
center of SW14 sec. 24, T. 112 N., R. 17 W. 


Ap— to 6 inches, very dark grayish-brown (10YR 3/2) 
silt loam; weak, medium, subangular blocky struc- 
ture; very friable; neutral; abrupt, wavy bound- 


ary. 

B2—6 to 12 inches, yellowish-brown (10YR 5/4) silt loam; 
dark yellowish-brown (10YR 4/4) coatings on faces 
of peds; weak, medium, subangular blocky struc- 
ture; very friable; common, fine, tubular pores; 
some clean or washed faces of peds are neutral; 
clear, wavy boundary. 

133-12 to 26 inches, yellowish-brown (10YR 5/4) silt loam 
high in content of very fine sand; weak, coarse, 
subangular blocky structure; very friable; com- 


mon, fine, tubular pores; neutral; abrupt, wavy 
boundary. 

C1—26 to 60 inches, light olive-brown (2.5Y 5/4) silt loam 
high in content of fine sand; weak, coarse, sub- 
angular blocky structure; ver friable, soft; com- 
mon, fine, tubular pores; mildly alkaline; strongly 
effervescent; gradual, irregular boundary. 

C2—60 to 103 inches, light olive-brown (2.5Y 5/4) silt 
loam; eommon, yellowish-brown (10YR 5/6), soft, 
partly indurated iron oxide masses; massive; very 
friabie; mildly alkaline; strongly effervescent. 


The solum ranges from 18 to 36 inches in thickness. 
Depth to free carbonate ranges from 15 to 30 inches. The 
A horizon is very dark grayish brown or dark grayish 
brown. It is typically silt loam, but in some places it is 
loam that has a high content of coarse silt and very fine 
sand or very fine sandy loam. The B horizon is yellowish 
brown or dark yellowish brown. It typically ranges from 
silt loam to very fine sandy loam, but in some places it is 
loam that has a high content of very fine and fine sand 
and coarse silt. The B horizon ranges to heavy silt loam in 
some places where the solum is thick. The C horizon is 
typically light olive-brown or brown silt loam that has a 
high content of coarse silt and very fine sand or very fine 
sandy loam. 

Timula soils are near Bold and Seaton soils. They have 
a. B horizon that commonly lacks free lime, whereas Bold 
Soils do not have a B horizon and have free lime through- 
out the profile. They do not have much translocated clay 


GOODHUE COUNTY, MINNESOTA 59 


in the B horizon, whereas Seaton soils have appreciable 
amounts. 

Timula silt loam, 2 to 6 percent slopes (Tm8).—This 
soil is on crests and side slopes of broad uplands and 
narrow upland ridges. Areas range from 2 to 50 acres 
in size. Slopes range from 75 to 300 feet in length. 
Ineluded in mapping are areas of soils similar to Mt. 
Carroll soils, but that have a thinner combined surface 
layer and subsoil. Also included are small areas of 
Seaton soils. 

The main limitation is the moderate hazard of ero- 
sion, and it is most severe on side slopes. Surface run- 
off is medium. The main management need is to control 
erosion and runoff. Fertility also needs to be main- 
tained. 

Most of the acreage is used for crops, and some areas 
are pasture or woodland. The soil is well suited to 
crops, especially corn, small grain, and alfalfa-brome 
hay. Capability unit IIe-1; woodland group 1; commu- 
nity development group 6; outdoor recreation group 5. 

Timula silt loam, 6 to 12 percent slopes (TmC)—This 
soil is on side slopes adjacent to drainageways and 
knolls on broad uplands and narrow upland ridges. 
Slopes range from 100 to 200 feet in length. Areas 
range from 2 to 15 acres in size. Included in mapping 
are some areas of Bold soils. 

The main limitation is the moderate to severe hazard 
of erosion. Surface runoff is medium, and infiltration 
is moderate to moderately rapid. Erosion is most se- 
vere and runoff is most rapid in areas that lack plant 
cover, especially during seedbed preparation and early 
plant growth. The main management need is to con- 
trol erosion and runoff. Fertility needs to be main- 
tained also. 

Most of the acreage is used for crops, pasture, or 
woodland, and the soil is well suited to all these uses. 
Favored crops are corn, small grain, and alfalfa-brome 
hay. Capability unit Ше-1; woodland group 1; com- 
munity development group 6; outdoor recreation group 
6 


Timula-Bold silt loams, 12 to 25 percent slopes (ТОП). 
—These soils are on side slopes, principally along long, 
entrenched, narrow drainageways and some knolls on 
uplands. They also are on foot slopes at the base of 
valley walls. Slopes range from 100 to 300 feet in 
length. 

Timula silt loam makes up about 60 percent of this 
unit, and Bold silt loam about 40 percent. Both soils 
have the profile described as representative of their 
respective series. The Bold soils are on the points or 
spurs in the landscape, and the Timula soils are on 
side slopes. 

The main limitation to farming is the very severe 
hazard of erosion and rapid runoff. This hazard is most 
Severe in areas that lack plant cover, especially during 
seedbed preparation and early plant growth. The main 
management need is permanent vegetation or a crop- 
ping system that controls runoff and erosion. The haz- 
ard of erosion is also very severe in extensively graded 
or excavated areas. 

These soils are used for crops, pasture, or woodland. 
They are well suited to woodland for control of ero- 
sion and runoff and suited to pasture for control of 
erosion. Controlled grazing is needed, however. If 
erosion and runoff can be controlled, small grain and 


alfalfa-brome hay are suited. Capability unit VIe-1; 
woodland group 1; community development group 8; 
outdoor recreation group 6. 


Vasa Series 


The Vasa series consists of nearly level and gently 
sloping, moderately well drained soils on flat crests 
and side slopes above or adjoining drainageways on 
broad uplands. These soils formed in loess. The native 
vegetation was deciduous forest. 

In a representative profile the surface layer is very 
dark grayish-brown silt loam about 9 inches thiek. The 
upper 17 inches of the subsoil is yellowish-brown, 
friable silt loam that has grayish-brown mottles; the 
lower 34 inches is grayish-brown to light-gray, friable 
silt loam and loam. The underlying material is brown- 
ish-yellow loam. 

Permeability is moderate, and available water ca- 
pacity is very high. The content of organic matter is 
moderate. The content of available phosphorus is med- 
ium, and that of potassium is low. 

Most areas are used for crops or pasture, These soils 
are well suited to corn. The hazard of wetness is slight, 
and these soils have no major limitations. 

Representative profile of Vasa silt loam, 0 to 3 per- 
cent slopes, in a cultivated field 500 feet north and 150 
feet west of the southeast corner of SWIASWI4 sec. 
28, T. 111 N., R. 16 W. 


Ар—0 to 9 inches, very dark grayish-brown (10YR 3/2) 
silt loam, grayish brown (10YR 5/2) dry; weak, 
very fine, granular structure; friable; neutral; 
abrupt, wavy boundary. 

B1—9 to 13 inches, yellowish-brown (10YR 5/4) silt loam; 
dark yellowish-brown (10YR 4/4) coatings on 
faces of peds; tubular mixings of very dark gray- 
ish brown (10YR 3/2); moderate, very fine, sub- 
angular blocky structure; friable; thin porous 
coatings on faces of peds; neutral; clear, wavy 
boundary. 

B21t—13 to 19 inches, yellowish-brown (10YR 5/4) heavy 
silt loam; dark-brown (10YR 4/3) coatings on 
faces of peds; tubular mixings of very dark 
grayish brown (10YR 3/2) ; strong, very fine, sub- 
angular blocky structure; friable; many, very fine 
and fine, tubular pores; thin silt-sized porous coat- 
ings; neutral; clear, wavy boundary. 

B22t—19 to 26 inches, yellowish-brown (10YR 5/4) heavy 
silt loam; common and many, fine, faint, grayish- 
brown (10YR 5/2) mottles; strong, fine, sub- 
angular blocky structure; friable; common thin 
clay films lining pores; many, very fine and fine, 
tubular pores; many grayish-brown (10YR 5/2) 
silty coatings on faces of peds; slightly acid; 
clear, wavy boundary. 

B23t—26 to 32 inches, grayish-brown (10YR 5/2) silt loam; 
many, coarse, distinct, dark yellowish-brown (10YR 
4/4) mottles; moderate, fine, subangular blocky 
structure; friable; many, very fine and fine, tubu- 
lar pores; common, thin clay films lining fine 
pores; many, gray (10YR 5/1), silty coatings on 
faces of peds; slightly acid; clear, wavy boundary. 

B24t—32 to 42 inches, gray (10YR 5/1) silt loam; many, 
coarse, distinct, yellowish-brown (10YR 5/6) mot- 
tles; moderate, medium, subangular blocky struc- 
ture; friable; many, very fine and fine, tubular 
pores; many, gray (10YR 5/1), silty coatings on 
faces of peds; common thin clay films lining 
tubular pores; few, fine, dark-colored masses; 
slightly acid; clear, wavy boundary. 

B3t—42 to 60 inches, light-gray (10YR 6/1) loam; many, 
coarse, prominent, yellowish-brown (10YR 5/6) 
mottles; moderate, medium, subangular blocky 
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structure; friable; many, very fine and fine, tubu- 
lar pores; many thick threads of clay films in fine 
pores; neutral; abrupt, wavy boundary. 

IIC—60 to 65 inches, brownish-yellow (10YR 6/6) loam; 
massive; firm; few to common thin threads of clay 
films lining fine pores; about 4 percent coarse 
fragments; neutral. 


The solum ranges from 40 to 70 inches in thickness. The 
loess ranges from 60 to 80 inches or more in thickness over 
glacial till. Depth to free carbonates is more than 50 
inches. The Ap or АТ horizon ranges from 6 to 9 inches 
in thickness. It ranges from very dark brown to very dark 
grayish brown. An А2 horizon as much as 6 inches thick 
is in some places. It is dark grayish brown or grayish 
brown. The B horizon ranges from 30 to 55 inches in thick- 
ness. It is typically silt loam that is 20 to 26 percent clay, but 
the lower part ranges to light silty clay loam in some places. 
The B1 and upper part of the B2 horizons are brown 
or yellowish brown. They have few to common, faint-gray 
or grayish-brown mottles, but most mottles are in the lower 
part of the B horizon. А B3 horizon and a C horizon are 
in the loess in some places. They range from gray or light 
gray to pale brown. They are silt loam that is high in 
content of coarse silt and very fine sand. 

Vasa sois are near Garwin and Seaton soils and are 
similar to Joy soils. They are not wet or gray in the upper 
part of the B horizon as are Garwin soils. They have 
grayish-brown or gray mottles in the B horizon, whereas 

eaton soils do not. They do not have the thick, dark- 
eolored A horizon that Joy soils have. 


Vasa silt loam, 0 to 3 percent slopes (VaA).—This soil 
is in the upper reaches of wet drainageways on broad 
uplands. Areas are smooth to slightly concave and col- 
lect runoff from adjoining soils upslope. Areas range 
from 2 to 60 acres in size. 

Included in mapping are some areas of somewhat 
poorly drained soils that are in natural drainageways. 
These soils formed in similar material, but are grayish 
brown throughout the subsoil. Also included are areas 
of somewhat poorly drained soils that have a surface 
layer of dark-gray silty clay loam about 9 inches thick. 
The subsoil is dark yellowish-brown silty clay loam 
and silty clay. It is about 50 inches thick and has gray 
and grayish-brown mottles. The underlying material 
is yellowish-brown, stratified silt loam and silty clay 
loam or silty clay. 

The hazard of wetness is slight. Surface runoff is 
slow to medium. Some natural drainageways need arti- 
ficial drainage devices and waterways to reduce wet- 
ness. Fertility also needs to be maintained. 

Most of the acreage is used for crops, and corn is 
well suited. Capability unit I-2; woodland group 2; 
community development group 5; outdoor recreation 
group 4. 


Waukegan Series 


The Waukegan series consists of nearly level to gently 
sloping, well-drained soils on broad benches along 
streams. These soils formed in silty material underlain 
by sandy or gravelly outwash. The native vegetation 
was tall prairie grasses. 

In a representative profile the surface layer is very 
dark brown and very dark grayish-brown silt loam 
about 13 inches thick. The subsoil is dark yellowish- 
brown and yellowish-brown, friable silt loam about 20 
inches thick. The underlying material is gravelly coarse 
sand. 

Permeability is moderate in the surface layer and 


subsoil and is rapid in the underlying material. Avail- 
able water capacity is moderate and high. The content 
of organic matter is high. The content of available 
phosphorus is medium, and that of potassium is low. 

Most areas are used for crops. The main limitation 
to use is the slight or moderate hazard of drought. 

Representative profile of Waukegan silt loam, 0 to 
3 percent slopes, 20 feet west and 10 feet south of 
the northeast corner of SE!A4SWI1A sec. 29, T. 112 N., 
R. 18 W. 


Ар--0 to 8 inches, very dark brown (10YR 2/2) silt loam; 
moderate, very fine, granular structure; very fri- 
able; slightly acid; abrupt, wavy boundary. 

АЗ—8 to 13 inches, very dark grayish-brown (10YR 3/2) 
silt loam, common mixings of very dark brown 
(10YR 2/2); weak, very fine, granular structure; 
very friable; slightly acid; clear, wavy boundary. 

B21—13 to 22 inches, dark yellowish-brown (10YR 4/4) 
silt loam, coatings of dark brown (10YR 4/3) on 
faces of peds; moderate, fine, subangular blocky 
structure; friable; common, very fine and fine, 
continuous, tubular pores; slightly acid; clear, 
wavy boundary. 

B22—22 to 30 inches, yellowish-brown (10YR 5/4) silt 
loam; moderate, medium, subangular blocky struc- 
ture; friable; common, very fine and fine, tubular 
pores; slightly acid; abrupt, wavy boundary. 

B31—30 to 33 inches, yellowish-brown (10YR 5/4) loam; 
weak, medium, subangular blocky structure; fri- 
able; common, fine and medium, continuous, tubular 
pores; about 2 percent gravel; slightly acid; 
abrupt, wavy boundary. 

IIB32—33 to 36 inches, grayish-brown (10YR 5/2) gravelly 
coarse sand; single grained; loose; neutral; clear, 
wavy boundary. 

IIC—36 to 50 inches, grayish-brown (10YR 5/2) gravelly 
coarse sand; single grained; loose; mildly alka- 
line; slightly effervescent. 


Thickness of the solum, or depth to free carbonates, 
ranges from 36 to 60 inches. The silty mantle ranges from 
30 to 38 inches in thickness. The A horizon ranges from 
12 to 20 inches in thickness. The Ap or A1 horizon is 
black or very dark brown. The АЗ horizon is very dark 
brown or very dark grayish-brown silt loam that is 18 to 23 
percent clay. The B horizon ranges from dark brown to yel- 
lowish-brown. It is mainly silt loam that is 18 to 24 percent 
clay. In some places thin B3 subhorizons in the lower part 
of the profile are loam or sandy loam. The IIC horizon 
is sand, coarse sand, gravelly coarse sand, or stratified 
sand and gravel. 


Waukegan soils are near Fairhaven and Estherville soils. 
They have less sand and more silt in the solum than those 
solls. 

Waukegan silt loam, 0 to 3 percent slopes (WaA).— 
This soil is on broad benches of major streams. Areas 
range from 5 to 200 acres in size. 

Because available water capacity is moderate in some 
areas, the main limitation is the slight or moderate 
hazard of drought. The main management need is to 
schedule fieldwork to best utilize available water in 
this soil and most of the seasonal rainfall. Surface 
runoff is slow, and much of it is absorbed in the soil 
because infiltration is moderate and permeability is 
moderately rapid. 

This soil is used mostly for crops, but some areas 
are pasture or are used as a source of sand and gravel. 
It is well suited to row crops, especially corn and soy- 
beans. Irrigation сап be added where feasible. Where 
the soil is used as a septic tank absorption field and 
the water table is below a depth of 10 feet, pollution 
of ground water is a hazard because the underlying 
material is rapidly permeable. Capability until 118—1; 
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woodland group 8; community development group 3; 
outdoor recreation group 10. 


Whalan Series 


The Whalan series consists of gently sloping to very 
steep, well-drained soils on crests and sides of narrow 
upland ridges and on sides of entrenched, long and 
narrow drainageways. These soils formed in a silty 
and loamy mantle underlain by limestone residuum. 
The native vegetation was deciduous hardwood forest. 

In a representative profile the surface layer is dark 
grayish-brown silt loam about 9 inches thick. The 
upper 13 inches of the subsoil is dark-brown and dark 
yellowish-brown, friable silt loam ; the middle 18 inches 
is dark yellowish-brown, firm loam; and the lower 3 
inches is dark yellowish-brown, firm clay loam. Below 
this is limestone bedrock. 

Permeability is moderate, and available water capac- 
ity is low to moderate. The content of organic matter 
is moderate or low. The content of available phosphorus 
and potassium is low. 

Whalan soils are used for crops or pasture, or they 
are idle or woodland. The main limitations are hazards 
of erosion and drought. 

Representative profile of Whalan silt loam, 1 to 6 
percent slopes, 50 feet east and 600 feet north of the 
southwest corner of NW14 sec. 30, T. 111 N., В. 17 W. 

Ар—0 to 7 inches, dark grayish-brown (10YR 4/2) silt 
loam, light brownish gray (10YR 6/2) dry; weak, 
very fine, granular structure; slightly acid; abrupt, 
wavy boundary. 

А2—7 to 9 inches, dark grayish-brown (10YR 4/2) silt 
loam; moderate, thin, platy structure; very fri- 
able; bleached, thick, silty coatings on faces of 
peds; medium acid; clear, wavy boundary. 

B1—9 to 14 inches, dark-brown (10ҮК 4/3) heavy silt 
loam; moderate, very fine, subangular blocky struc- 
ture; friable; many, very fine and fine, continuous 
pores; thick, continuous, bleached silt coatings on 
faces of peds; strongly acid; abrupt, wavy bound- 


ary. 

B21—14 to 22 inches, dark yellowish-brown (10YR 4/4) 
heavy silt loam; dark-brown (ТБУВ 4/2) coatings 
on faces of peds; strong, fine, angular blocky struc- 
ture; friable; common, fine and very fine, con- 


tinuous, tubular pores; common thin clay films on. 


faces of peds and inside some pores; few, thin, 
bleached silt coatings on faces of peds; strongly 
acid; clear, wavy boundary. 

IIB22—22 to 27 inches, dark yellowish-brown (10YR 4/4) 
loam; moderate, fine, subangular blocky structure; 
firm; moderate, very fine and fine, tubular pores; 
common thin clay films on faces of peds; about 4 
percent pebbles; strongly acid; clear, wavy bound- 


ary. 

IIB23—27 to 35 inches, dark yellowish-brown (10YR 4/4) 
loam; moderate, medium, subangular blocky struc- 
ture; firm; common, moderately thick clay films on 
faces of peds; about 4 percent coarse fragments; 
Strongly acid; clear, wavy boundary. 

IIB24— 35 to 38 inches, dark yellowish-brown (10YR 4/4) 
heavy clay loam; dark-brown (7.5YR 4/2) coatings 
on faces of peds; moderate, medium, subangular 
blocky structure; firm; about 6 percent coarse 
fragments; many thick clay films on faces of peds; 
strongly acid; abrupt, wavy boundary. 

IIIR-—38 inches, limestone bedrock. 


Thickness of the solum, or depth to limestone, ranges 
from 20 to 40 inches. The À horizon is medium acid to neu- 
tral. The А1 horizon, where present, is 3 to 6 inches thick 
and is dark grayish brown or very dark grayish brown. The 
A2 horizon typically ranges from 2 to 8 inches in thickness. 


It is dark grayish brown or grayish brown, but it is lacking 
in some places. The B horizon is slightly acid to strongly 
acid. In some places ап A&B or B&A horizon occurs instead 
of a B1 horizon. The B21 horizon is heavy silt loam or light 
silty clay loam. The IIB2 horizon is mainly loam or clay 
loam, but a 3- to 8-inch subhorizon in the lower part of 
some IIB2 horizons is sandy clay, silty clay, or heavy clay 
loam. Clay films range from thick to thin and few to many 
in the B2 and IIB2 horizons. 


Whalan soils are near Marlean and Racine soils and are 
similar to Dubuque soils. They are 20 to 40 inches deep over 
bedrock, whereas Marlean and Racine soils are deeper over 
bedrock. They have more sand and less silt in the solum than 
Dubuque soils. 

Whalan silt loam, 1 to 6 percent slopes (WhB).— This 
soil is on crests of narrow upland ridges and some 
sides of large upland areas that are adjacent to stream 
valleys. Areas range from 2 to 20 acres in size. The 
profile of this soil is the one described as representative 
of the series. Bedrock is generally at a depth of 24 to 
40 inches, but some included soils are shallower over 
bedrock. 

Because available water capacity is moderate, the 
main limitation is the moderate hazard of drought. The 
main management need is to schedule fieldwork to best 
utilize available water in the soil and from seasonal 
rainfall. Surface runoff is medium. 

Most of the acreage is used for crops or pasture. 
This soil is well suited to small grain, corn, and hay 
crops. Where septic tank absorption fields are planned, 
pollution is a hazard because the underlying fractured 
limestone is rapidly permeable. Capability unit IIe-2; 
woodland group 3; community development group 4; 
outdoor recreation group 7. 

Whalan silt loam, 6 to 12 percent slopes, eroded 
(WhC2).—This soil is on side slopes of narrow upland 
ridges and of uplands adjacent to stream valleys. Slopes 
range from 50 to 200 feet in length. Areas range from 
2 to 15 acres in size. The profile of this soil is similar 
to that described as representative of the series, but 
the subsurface layer and part of the subsoil have been 
lost through erosion. Included in mapping are some 
areas of soils where the depth to bedrock is less than 
20 inches. 

Because available water capacity is moderate, the 
main limitations are moderate hazards of drought and 
further erosion. Surface runoff is medium. Erosion is 
most severe in areas that lack plant cover, especially 
during seedbed preparation and early plant growth. 
The main management need is to control erosion and 
runoff. Fertility needs to be maintained also. 

Most of the acreage is used for crops, pasture, or 
woodland. This soil is well suited to all of these uses. 
Suited crops are corn, small grain, and alfalfa-brome 
hay. Where septic tank absorption fields are planned, 
pollution is a hazard because the underlying fractured 
limestone is rapidly permeable. Capability unit IIIe-2; 
woodland group 8; community development group 4; 
outdoor recreation group 8. 

Whalan silt loam, moderately shallow, 1 to 6 percent 
slopes (WsB).— This soil is on crests of narrow upland 
ridges. Areas range from 2 to 20 acres in size. The 
profile of this soil is similar to that described as repre- 
sentative of the series, but the average depth to bed- 
rock is 20 to 24 inches. Included in mapping are some 
areas where depth to bedrock is less than 20 inches. 

Because available water capacity is low, the main 
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limitation is the severe hazard of drought. The hazard 
of erosion is moderate. Surface runoff is medium. The 
main management need is to control erosion and runoff 
by conservation practices or permanent vegetation. 

This soil is used for crops, woodland, or pasture. It 
is suited to small grain, corn, and hay. Crops should 
be selected that can be planted early and mature early, 
because they best utilize the available water in the soil 
and the more frequent rainfall early in summer. Where 
septic tank absorption fields are planned, pollution is 
a hazard because the soil is moderately shallow over 
bedrock. Capability unit IIIe-3; woodland group 3; 
community development group 4; outdoor recreation 
group 7. 

Whalan silt loam, moderately shallow, 6 to 12 per- 
cent slopes, eroded (WsC2).—This soil is on sides of 
narrow upland ridges that are adjacent to stream val- 
leys. Areas range from 2 to 15 acres in size. The 
profile of this soil is similar to that described as repre- 
sentative of the series, but it is thinner because of 
erosion, and the depth to bedrock ranges from 20 to 24 
inches. Included in mapping are areas where the depth 
to limestone bedrock is less than 20 inches. 

The hazard of drought and further erosion is se- 
vere. Surface runoff is medium. The main management 
need is to eontrol erosion and runoff by permanent 
vegetation and conserving practices. 

This soil is used for pasture, woodland, and crops. 
It is well suited to pasture or woodland. If this soil is 
used for pasture, grazing needs to be very closely con- 
troled because runoff and erosion are excessive. To 
some extent, small grain and hay can be grown. Where 
septic tank absorption fields are planned, pollution is à 
hazard because the soil is moderately shallow over bed- 
rock. Capability unit IVe-3; woodland group 3; com- 
munity development group 4; outdoor recreation 
group 8. 

Whalan silt loam, moderately shallow, 12 to 18 per- 
cent slopes, eroded (WsD2).—This soil is on sides of 
narrow upland ridges adjacent to stream valleys. 
Areas range from 2 to 15 acres in size. The profile of 
this soil is similar to that described as representative 
of the series, but it is thinner because of erosion, and 
the average depth to bedrock ranges from 20 to 24 
inches. Included in mapping are some areas of bedrock 
outcrops. 

The main limitations are severe hazards of drought 
and further erosion. Surface runoff is rapid. The main 
management need is to control erosion and contain 
surface runoff by permanent vegetation. 

This soil is used mostly for pasture or woodland be- 
cause the hazard of drought is too severe for crops. It 
is well suited to pasture and woodland. If it is used for 
pasture, grazing needs to be very closely controlled be- 
cause of excessive runoff and erosion. Where septic 
tank absorption fields are planned, pollution is a hazard 
because the soil is moderately shallow over bedrock. 
Capability unit IVe-3; woodland group 3; community 
development group 4; outdoor recreation group 8. 

Whalan silt loam, moderately shallow, 18 to 35 per- 
cent slopes (WsE].—This soil is on side slopes of en- 
trenched, narrow drainageways or deep ravines and on 
the upper part of valley walls adjacent to river valleys. 
Slopes range from 50 to 200 feet in length. The profile 
of this soil is similar to that described as representa- 


tive of the series, but the depth to bedrock mostly 
ranges from 20 to 24 inches. Included in mapping are 
some areas where depth to bedrock is less than 20 
inches and some areas of eroded soils. Also included 
are areas of Marlean soils at the base of some side 
slopes. 

The main limitation is the severe hazard of erosion. 
It is most severe in areas that lack crops or other 
vegetation. Because available water capacity is mod- 
erate, the hazard of drought is moderate. Surface run- 
off is medium to rapid. 

Because the hazard of erosion is so severe, this soil 
should not be used for crops. It should be converted to 
pasture, if grazing is closely controlled, or to wood- 
land. Where septic tank absorption fields are planned, 
pollution is à hazard because the soil is moderately 
shallow over limestone. Capability unit УПе-2; wood- 
land group 5; community development group 7; out- 
door recreation group 9. 


Zumbro Series 


The Zumbro series consists of nearly level, mod- 
erately well drained soils on high flood plains along 
major streams. These soils formed in sandy alluvium. 
The native vegetation was grasses. 

In a representative profile the surface layer is very 
dark brown and very dark grayish-brown loamy sand 
about 40 inches thick. The subsoil is dark-brown, loose 
loamy sand about 10 inches thick. The underlying 
material is grayish-brown, loose sand, 

Permeability is rapid, and available water capacity 
is low. The content of organic matter is moderate. The 
content of available nitrogen, phosphorus, and potas- 
sium is low. À water table is at a depth of 5 to 10 feet. 

Most areas are used for crops and pasture. These 
soils are suited to hardwoods such as walnuts. The 
main limitation is the hazard of flooding. 

Representative profile of Zumbro loamy sand, in a 
cultivated field 1,820 feet east and 1,320 feet north of 
the southwest corner of sec. 32, T. 118 N., В. 16 W. 


Ар—0 to 8 inches, very dark brown (10YR 2/2) loamy 
sand; weak, very fine, granular structure; very 
friable; neutral; abrupt, smooth boundary. 

А12- 8 to 18 inches, very dark brown (10YR 2/2) loamy 
sand; weak, very fine, subangular blocky struc- 
ture; very friable; few bleached sand grains on 
faces of реда; mildly alkaline; gradual, wavy 
boundary. 

А13—18 to 27 inches, very dark brown (10YR 2/2) 
loamy sand; weak, fine, subangular blocky struc- 
ture; very friable; mildly alkaline; gradual, wavy 
boundary. 

۸8-27 to 40 inches, very dark grayish-brown (10YR 3/2) 
loamy sand; massive; loose; mildly alkaline; very 
slightly effervescent; gradual, wavy boundary. 

B2—40 to 50 inches, dark-brown (10YR 4/3) loamy sand; 
massive; loose; about 10 percent fine gravel; 
mildly alkaline; very slightly effervescent; clear, 
wavy boundary. 

C—50 to 65 inches, grayish-brown (10YR 5/2) sand; single 
grained; loose; about 15 percent gravel; mildly 
alkaline; slightly effervescent. 


The solum ranges from 30 to 60 inches in thickness. 
Depth to free carbonates typically is 20 to 50 inches. The 
solum and C horizon range from 0 to 20 percent gravel, 
and the upper part of the solum commonly does not have 
gravel. The А horizon ranges from 24 to 50 inches in 
thickness. It is mostly loamy fine sand or loamy sand, but 
it is sandy loam in the upper part of some profiles in some 
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places. The А horizon is very dark brown or very dark 
grayish brown. The B horizon is dark-brown or dark 
yellowish-brown loamy sand, Впе sand, or sand. The С 
horizon is commonly grayish-brown, brown, or yellowish- 
brown sand or fine sand but ranges to coarse sand. 

Zumbro soils are near Ankeny and Sparta soils. They 
contain more sand than Ankeny soils. They have a thicker 
A horizon than Sparta soils. 

Zumbro loamy sand (0 to 3 percent slopes) (Zu).— 
This soil is on high bottoms along flood plains of 
streams (fig. 16). It is braided with slightly convex 
rises and swales. Áreas range from 2 to 100 acres in 
size. Included in mapping are some areas of Alluvial 
land, frequently flooded. 

Because available water capacity is low, the hazard 
of drought is moderate. This soil is subject to soil 
blowing. Surface runoff is slow, and most of it is ab- 
sorbed because rate of infiltration is high and per- 
meability is rapid. It is subject to flooding, but the 
flooding is infrequent and occurs as the result of very 
heavy rain showers or snowmelt. 

This soil is suited to crops; but crops such as small 
grain and, to some extent, corn should be selected be- 
cause they mature early and best utilize the early and 
more frequent rain showers and available water in the 
soil In irrigated areas, crops selected should have 
lower peak water needs because available water ca- 
расйу is low. Capability unit IIIs-1; woodland group 
7; community development group 1; outdoor recrea- 
tion group 2. 


Use and Management of the Soils 


This section gives interpretations of the soils for 
use in the production of crops and yield predictions 
for the principal erops grown in the county. It also 
describes the management of field and farmstead wind- 


breaks, the suitability of the soils for wildlife habitat, 
and various engineering uses of the soils. 


Use of the Soils for Crops 


This section describes the capability classification of 
soils that is used by the Soil Conservation Service and 
the capability units to which the soils are assigned. It 
also gives predictions of the yields to be expected when 
the different soils are used for crops and for pasture. 

Most of the farm acreage in the county is used for 
corn, oats, flax, soybeans, and alfalfa. These crops are 
sold or they are fed to livestock. 

The sloping soils are subject to water erosion if they 
are cultivated and not protected. Terracing, contour 
farming, stripcropping, and mulch tillage management 
of crop residues help to control erosion and to increase 
the amount of water that enters the soil and is then 
available for crops. 

Soil blowing occurs most readily on the sandy soils. 
It can be reduced by keeping vegetation on the soil or 
by leaving the plowed surface rough until time to pre- 
pare a seedbed. 

Drainage is needed for intensive farming of the wet, 
level or depressed soils. Open ditches are commonly 
used to remove surface water from low areas and 
closed depressions and to provide outlets for tile drain- 
age systems. 

Crops on most of the soils in the county respond to 
applications of fertilizer. In the descriptions of each 
soil, the general fertility levels refer to subsoil phos- 
phorus and potassium. The soils are, in general, medi- 
um to high in phosphorus content and low to medium 
in potassium content. The need for fertilizer depends 
on the kind of soil, the past and present management, 
and the crop that is grown. Soil tests provide part of 


Figure 16.—Zumbro loamy sand on a flood plain. The main part of the bottom is about 8 to 12 feet above river level. 
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the information that is needed to choose the best kinds 
and amounts of fertilizer. 


Capability grouping 


Capability grouping shows, in a general way, the 
suitability of soils for most kinds of field crops. The 
soils are grouped according to their limitations when 
used for field crops, the risk of damage when they are 
so used, and the way they respond to treatment, The 
grouping does not take into account major and gen- 
erally expensive landforming that would change slope, 
depth, or other characteristics of the soils; does not 
take into consideration possible but unlikely major rec- 
lamation projects; and does not apply to rice, cran- 
berries, horticultural crops, or other crops requiring 
special management. 

Those familiar with the capability classification can 
infer from it much about the behavior of soils when 
used for other purposes, but this classification is not a 
substitute for interpretations designed to show suit- 
ability and limitations of groups of soils, for forest 
trees or for engineering uses. 

In the capability system, the kinds of soil are 
grouped at three levels: the capability class, the sub- 
class, and the unit. These levels are described in the 
following paragraphs. 

CAPABILITY CLASSES, the broadest groups, are des- 
ignated by Roman numerals I through VIII. The 
numerals indicate progressively greater limitations and 
narrower choices for practical use, defined as follows: 


Class I soils have few limitations that restrict 
their use. 

Class П soils have moderate limitations that re- 
duce the choice of plants or that require 
moderate conservation practices. 

Class III soils have severe limitations that reduce 
the choice of plants, require special conser- 
vation practices, or both. 

Class IV soils have very severe limitations that 
reduce the choice of plants, require very care- 
ful management, or both. 

Class V soils are not likely to erode but have other 
limitations, impractical to remove, that limit 
their use largely to pasture or range, wood- 
land, or wildlife. (None in Goodhue County.) 

Class VI soils have severe limitations that make 
them generally unsuited to cultivation and 
limit their use largely to pasture or range, 
woodland, or wildlife. 

Class VII soils have very severe limitations that 
make them unsuited to cultivation and re- 
strict their use largely to pasture or range, 
woodland, or wildlife. 

Class VIII soils and landforms have limitations 
that preclude their use for commercial plants 
and restrict their use to recreation, wildlife, 
water supply, or to esthetic purposes. 


CAPABILITY SUBCLASSES are soil groups within one 
class; they are designated by adding a small letter, e, 
40, 8, or с, to the class numeral, for example, Пе, The 
letter e shows that the main limitation is risk of ero- 
sion unless close-growing plant cover is maintained; 
w shows that water in or on the soil interferes with 
plant growth or cultivation (in some soils the wetness 


can be partly corrected by artificial drainage); s 
shows that the soil is limited mainly because it is 
shallow, droughty, or stony; and e, used in only some 
parts of the United States, shows that the chief limita- 
tion is climate that is too cold or too dry. 

In class I there are no subclasses, because the soils 
of this class have few limitations. Class V can contain, 
at the most, only the subclasses indicated by 10, s, and 
с, because the soils in class V are subject to little or no 
erosion, though they have other limitations that re- 
strict their use largely to pasture or range, woodland, 
wildlife, or recreation. 

CAPABILITY UNITS are soil groups within the sub- 
classes. The soils in one capability unit are enough 
alike to be suited to the same crops and pasture plants, 
to require similar management, and to have similar 
productivity and other responses to management. 
Thus, the capability unit is a convenient grouping for 
making many statements about management of soils. 
Capability units are generally designated by adding an 
Arabic numeral to the subclass symbol, for example, 
Пе-2 or Ше-4. Thus, in one symbol, the Roman 
numeral designates the capability class, or degree of 
limitation; the small letter indicates the subclass, or 
kind of limitation, as defined in the foregoing para- 
graph; and the Arabic numeral specifically identifies 
the capability unit within each subclass. 

In the following pages the capability units in Good- 
hue County are described and suggestions for the use 
and management of the soils are given. 


CAPABILITY UNIT 1-1 


This unit consists of deep, well-drained, nearly level 
and very gently sloping soils of the Mt. Carroll, Port 
Byron, and Seaton series. These soils are mainly on 
crests or side slopes on broad uplands. Some are on 
benches along streams. All are medium textured. Per- 
meability is moderate, and runoff is slow. Natural fer- 
tility is medium, Available water capacity is very high. 
The root zone is deep, and it allows air and water to 
move into and through the profile. 

These soils are among the most productive in the 
county. They are used intensively for field corn and 
soybeans and are well suited to those crops. They are 
also well suited to small grain and hay. Some of these 
soils are used for and well suited to such canning 
crops as sweet corn and peas. 

Good tilth needs to be maintained wherever crops 
are grown. ЈЕ soils are in good tilth, plant nutrients 
are used more efficiently and soils are easier to work. 
Good management promotes movement of air and 
water through the soil and makes use of a large 
amount of crop residue. Corn can be grown year after 
year, but some meadow is needed in the cropping 
system. Tillage should be kept to a minimum and done 
when moisture content of the soil is favorable. Field- 
work needs to be limited to preparing seedbeds and 
controlling weeds. 

The soils of this capability unit are suited to per- 
manent pasture. A mixture of alfalfa-brome and some 
orchardgrass is preferred for pasture, but other mix- 
tures can also be used. Kentucky bluegrass tends to 
crowd out these plants where pastures are overgrazed. 
Proper grazing management, fertilization, and timely 
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reestablishment of the more productive species are 
essential to good forage production. 


CAPABILITY UNIT 1-2 


This unit consists of deep, moderately well drained 
and somewhat poorly drained, nearly level and very 
gently sloping soils of the Joy, Vasa, and Klinger 
series. These soils are on side slopes and summits 
above drainageways on broad uplands. They are me- 
dium textured or moderately fine textured. Permeabil- 
ity is moderate or moderately slow. Runoff is slow. 
Natural fertility is medium, Available water capacity 
is high or very high. The root zone is deep. 

These soils are among the more productive in the 
county. They are used intensively for field corn and 
soybeans and are well suited to such use. They are also 
used for and are suited to small grain, hay crops, 
Sweet corn, and peas. 

These soils are seasonally wet and require drainage. 
They warm more slowly in the spring than other class 
I soils and are mostly fall plowed to offset this prob- 
lem and also to allow better scheduling of spring field- 
work. Fields should be left rough in winter to reduce 
soil loss to runoff and erosion. The slopes of Klinger 
soils are longer than others in the unit and require 
close control of runoff to avoid gullying. They are best 
farmed on the contour as much as possible. Corn can 
be grown year after year if the optimum number of 
plants are seeded and a sufficient amount of fertilizer 
is applied. To maintain tilth, tillage should be mini- 
mized and done when moisture content is favorable. 
Necessary fieldwork should be limited to preparing 
seedbed and controlling weeds. 

Permanent pastures are of good quality. They gen- 
eraly are a mixture of alfalfa bromegrass and some 
orchardgrass, but other mixtures can be used also. 
Kentucky bluegrass tends to take over or crowd out 
these plants if the soils are overgrazed year after year. 
Proper grazing management, fertilization, and re- 
establishment as needed of more productive species are 
essential to good forage production. 


CAPABILITY UNIT Пе-1 


This unit consists of deep, well-drained, gently slop- 
ing, medium textured and moderately coarse textured 
soils of the Lindstrom, Mt. Carroll, Ostrander, Port 
Byron, Racine, Timula, and Terril series. These soils 
occupy all parts of broad uplands and some foot slopes 
at the base of valley walls. Permeability is moderate, 
and available water capacity is high to very high. The 
hazard of erosion is slight or moderate. In some areas 
these soils are eroded. Runoff is medium. Soils on foot 
slopes receive runoff from valley walls, and sometimes 
special management practices are required to contain 
this runoff. 

These soils are productive if management can reduce 
erosion, contain runoff, and maintain fertility, tilth, 
and available water in the soil. They are suited to all 
crops commonly grown in the county, some of which 
are field corn, soybeans, small grain, alfalfa, sweet 
corn, and peas. 

АП tillage should be across the slope and оп the 
contour as much as possible. In areas where slopes are 
fairly uniform and more than 300 feet long, terracing 
or striperopping and crop rotation effectively reduce 


erosion and contain some of the runoff. Wetness oc- 
curs, at times, in terrace channels of Ostrander and 
Racine soils. Where row crops are grown year after 
year, minimum tillage on the contour is essential to 
reduce soil loss. It is much better than straight-row 
minimum tillage, because it increases the amount of 
available moisture in the soil. Wheel track planting is 
also very effective on soils that have a moderately high 
infiltration rate in the surface layer, such as Terril and 
Timula soils, because they more readily absorb rain- 
fall. This practice is effective on the other soils, also. 
Some of the eroded Seaton soils have a low level of 
organic matter and tend to slake or crust following 
rain showers. 

Permanent pastures are of good quality, but returns 
are more profitable if areas are used for rotation 
pasture or for cultivatéd crops. Many pastures pro- 
duce poor forage because they are partly wooded, are 
brushy, or are overgrazed. If pastures of tall grass 
are well managed and well fertilized, they produce 
more forage than pastures in native bluegrass. A suit- 
able mixture for seeding pasture consists chiefly of 
alfalfa and bromegrass, but а small amount of or- 
chardgrass is seeded in some areas. 


CAPABILITY UNIT Пе-2 


This unit consists of gently sloping, well-drained 
soils of the Copaston, Dodgeville, Dubuque, and Whalan 
series. These soils are on crests of narrow upland 
ridges. They are underlain by limestone at a depth of 
20 to 40 inches, and they are mostly medium textured 
to this depth. Available water capacity and permeabil- 
ity are moderate. The soils warm early in spring and 
generally are easy to til. Because available water 
capacity is only moderate, they are slightly droughty. 
They are subject to erosion, and some are moderately 
eroded. Runoff is medium. 

If the supply of moisture is adequate and the soils 
are well managed, production of most crops grown in 
the county is good. Small grain, hay, and pasture are 
well suited. 

Because erosion is a hazard, these soils should be 
farmed on the contour or across the slope. Some of 
the crests can be used more intensively for row crops. 
Contour stripcropping with hay, row crops, and grain 
helps eontrol erosion. Terraces can be used, but the 
depth to bedrock should be checked for sufficient grad- 
ing. Mulch planting and contouring can be effective in 
control of erosion. Sod waterways can be developed in 
ali of the natural draws to collect runoff from these 
soils. Dubuque and Whalan soils are lower than other 
soils in the unit in content of organic matter in the 
surface layer and tend to crust more easily when tilled. 
More plant residue should be returned to Dubuque 
and Whalan soils to maintain and improve tilth. 

Pastures are of fairly good quality, but supplemen- 
tal pasture generally is needed during prolonged dry 
periods. More forage can be produced on well-managed 
and well-fertilized pasture of tall grasses and legumes, 
such as those that consist of alfalfa and bromegrass 
and include a small amount of orchardgrass. Most per- 
manent pastures are of poor quality because they are 
partly wooded or are brushy and the dominant grass 
is bluegrass, which lies dormant in the middle of the 
summer. 
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Cover for wildlife can be established in some of the 
irregularly shaped areas that have limited access for 
farming. 


CAPABILITY UNIT IIw-1 


This unit consists of deep, nearly level, poorly drained 
soils of the Biscay, Canisteo, Garwin, and Maxfield 
series. These soils are in the upper reaches of wet drain- 
ageways and on some adjoining higher lying side slopes. 
They have a permanently or seasonally high water table 
at a depth of 1 foot to 3 feet. These soils are domi- 
nantly moderately fine textured. The underlying ma- 
terial is coarse textured in the Biscay soils and is 
medium textured in the Garwin and Maxfield soils. 
Permeability is moderately slow in the Garwin and 
Maxfield soils and moderate in the Biscay and Canisteo 
Soils. 

Drained areas of these soils are well suited to row 
erops year after year. Undrained areas are limited 
mainly to permanent pasture, although some crops can 
be grown during drier years. Drained areas are well 
suited to corn and soybeans. Tile and open ditches are 
commonly used for drainage. Tiles are generally spaced 
80 to 100 feet apart in the Garwin and Maxfield soils 
and somewhat farther apart in the Biscay soils. 

Most drained and undrained areas are fall plowed, 
mainly for convenience in scheduling fieldwork. Fall 
plowing also adds to the growing season, because soils 
that are plowed in fall are easier to work and warm 
faster in spring. If plowed in fall, these soils should 
be left rough and some plant residue left on the sur- 
face. Tilling at a minimum in spring when moisture 
content is favorable helps maintain tilth. If worked 
when wet, the soils become cloddy and seedbeds are 
difficult to prepare. 

Most permanent pastures are of poor quality because 
they are hummocky and contain low-quality grasses, 
such as bluegrass and sedge mixtures, or because they 
are overgrazed or grazed when they are very wet and 
the surface is soft. Renovated pastures of bluegrass, 
bromegrass, red clover, and alsike mixtures are pre- 
ferred for improved forage; water-tolerant grasses are 
better suited to very wet areas. Grazing should be con- 
trolled and delayed until soils have a firm surface. 

Soils of this unit are suitable for pit-type ponds that 
can be used as a source of water for livestock, for recre- 
ation, and especially, for waterfowl habitat. 


CAPABILITY UNIT IIw-2 


This unit consists of deep, somewhat poorly drained, 
nearly level soils of the Lawson and Radford series. 
These soils are on flood plains in broad stream valleys. 
They are medium textured throughout. Permeability 
is moderate, and available water capacity is very high. 
The hazard of flooding is moderate. Flooding is mostly 
infrequent, but in some areas it is frequent. It occurs 
mostly during spring runoff or following heavy seasonal 
rain. 

Most areas of these soils are well suited to and are 
used for row crops, such erops as corn and soybeans, 
year after year. These soils are also well suited to 
small grain and hay. 

Very little tillage is needed to maintain these soils. 
Some fields are subject to scouring during flooding, and 
debris, soil, fertilizer, and pesticides can be carried in 


the downstream floodwaters. Possible pollution by these 
materials should be considered. 

Some of these soils are in pasture and are used as 
a permanent pasture of bluegrass. Forage yield from 
bluegrass is low. Yields can be improved by seeding a 
mixture of alfalfa, bromegrass, and small amounts 
of orchardgrass. 


CAPABILITY UNIT Ilw-3 


This unit consists of deep, well drained and moder- 
ately well drained, nearly level to gently sloping soils 
of the Chaseburg and McPaul series. These soils are on 
the upper and lower parts of flood plains of small or 
large watersheds. These soils formed in medium-tex- 
tured alluvium. The hazard of flooding is severe, and it 
limits most crops. Sediment is continually aceumulating 
from runoff and also is picked up again and carried 
farther downstream during the recutting of stream 
channels and scouring of flood plains. 

Flooding is too damaging in the few areas used for 
crops. Where row crops are grown, the application of 
pesticides and fertilizers should be controlled so they 
will not be picked up in floodwaters. In some areas, 
large retardance structures effectively reduce flooding, 
and these areas are well suited to crops. 

Most areas of these soils are used for pasture and 
are well suited to this use. The amount of forage can 
be increased if the soils are renovated and reseeded 
with mixtures, such as alfalfa, bromegrass, and some 
orchardgrass. 


CAPABILITY UNIT IIs-1 


This unit consists of well-drained, nearly level to 
very gently sloping soils of the Alvin, Ankeny, Dakota, 
Gale, Fairhaven, Kegonsa, and Waukegan series. These 
soils are underlain by sand and gravel at a depth of 24 
to 60 inches, and they are medium textured to moder- 
ately coarse textured to this depth. Most of these soils 
are on benches along streams, but Ankeny soils are on 
a high bottom of a flood plain. Permeability is moderate 
or moderately rapid. Natural fertility is medium. Avail- 
able water capacity is moderate in some soils, and those 
soils tend to be droughty. 

If the supply of moisture is adequate, these soils are 
well suited to small grain, hay, corn, soybeans, and such 
canning crops as peas and sweet corn. 

Maintaining tilth generally is not a problem, but all 
стор residue should be returned to the soil to improve 
available water capacity and fertility. Most row crops 
can be grown year after year or can be planted in rota- 
tion with other crops. These soils are also suited to 
irrigated crops. 

A mixture of alfalfa and bromegrass and, at times, 
a small percentage of orchardgrass is suitable for per- 
manent pasture. Good pasture management is needed 
to maintain stands of quality grasses. 


CAPABILITY UNIT Hs-2 


Moderately well drained Kasson silt loam, 1 to 3 per- 
cent slopes, is the only soil in this unit. It is on crests of 
glacial uplands. This soil is medium textured. The lower 
part of the subsoil and the underlying material are 
firm. Permeability is moderately slow. Available water 
See is high. The upper 1 foot to 3 feet is seasonally 
wet. 
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In most areas this soil is used for erops, and it is well 
suited to corn, small grain, hay, and soybeans. 

The depth of the root zone is the major limitation 
because this soil is seasonally wet. The crop roots 
spread and remain shallow, resulting in slight drought- 
iness, uneven stands, and crops of poorer quality. In 
some places, artificial drainage can correct part of the 
problem, but the restricting layer that causes the wet- 
ness is generally too high in the profile for adequate 
tile placement. Some drainage, however, of the associ- 
ated, somewhat poorly drained or poorly drained soils 
is needed. Kasson silt loam, 1 to 3 percent slopes, is 
normaily fall plowed, mainly for convenience in sched- 
uling fieldwork. Fall plowing also adds to the growing 
season, because this soil is more easily worked and 
warms faster in spring. Fall plowing helps control ero- 
sion by leaving the surface rough and covered with 
some plant residue. Tilling at a minimum in spring 
when the moisture content is favorable helps maintain 
tilth. If worked when wet, this soil becomes cloddy 
and difficult to work. 

Permanent pasture is of good quality. Renovated 
pastures of mixtures of bromegrass, red clover, and al- 
sike are preferred for improved forage. Pasture that is 
unimproved is of low quality. 


CAPABILITY UNIT Ille-1 


This unit consists of deep, well-drained, sloping soils 
of the Lindstrom, Mt. Carroll, Ostrander, Port Byron, 
Racine, Seaton, Terril, and Timula series. Permeabil- 
ity is moderate. Available water capacity is high or 
very high. These soils are mainly medium textured. 
They have low to high content of organic matter and 
require periodic applications of lime. Fertility is low to 
medium. Fertilizer should be applied according to soil 
tests. In most cultivated areas, these soils have lost 
50 percent or more of their original surface layer 
through erosion. The hazard of further erosion is se- 
vere. Runoff is medium. 

If well managed, these soils are productive. Alfalfa 
and other hay or pasture crops are well suited. Row 
crops, including soybeans, should not be grown unless 
erosion is controlled and fertility is maintained. Crop- 
ping systems that provide frequent use of legumes and 
grasses or mulch tillage are generally needed. All crop 
residue should be returned to the soil, adequate fertil- 
izer applied, and large amounts of manure added. 

Contour stripcropping, with alternate strips in 
meadow, and terraces can be used in many places to con- 
trol erosion. А year before terraces are built, waterways 
should be constructed and protected by seeding. If 
properly designed and kept in grass, waterways remove 
water safely and prevent erosion. Some cropping sys- 
tems that use terraces are continuous row crop and 
mulch planting or a rotation that is one-third or one- 
half hay. Wheel track planting of plowed fields is effec- 
tive on all soils in this unit; it is particularly effective 
on Port Byron and Timula soils because their rate of 
infiltration is higher. Better weed control is obtained 
with this practice. Some Seaton soils tend to slake or 
crust readily because the content of organic matter is 
low. For these soils the return of more plant residue is 
needed to build and maintain tilth. Also more cultiva- 
tion is needed to slow runoff. 

Pastures are of fairly good quality, but supplemental 


pasture generally is needed during prolonged dry pe- 
riods. More forage can be produced on pasture of tall 
grass and legumes, chiefly alfalfa and bromegrass 
and a small percentage of orchardgrass, than on per- 
manent pasture of bluegrass. 


CAPABILITY UNIT Ше-2 


This unit consists of sloping, well drained and mod- 
erately well drained soils of the Derinda, Dodgeville, 
Dubuque, Fairhaven, Kegonsa, Schapville, Whalan 
series and the Copaston, moderately deep variant, se- 
ries. Most of these soils are underlain by limestone or 
shale bedrock at а depth of 20 to 40 inches, but Fair- 
haven and Kegonsa soils are underlain by coarse-tex- 
tured material. Most of these soils are medium textured 
to this depth, but Schapville soils are finer textured. 
All are easy to till, but they are steep and the hazard 
of further erosion is severe. Fertility is medium. Per- 
meability is moderate or moderately rapid in most 
of these soils, but is slow in Derinda and Schapville 
soils. All are droughty because available water capac- 
ity is moderate or low. Because they are eroded, the 
content of organic matter is low in many areas. 

If well managed, these soils are suited to most crops 
commonly grown in the county. Soybeans should not be 
grown because the hazard of erosion is too great. Plant 
growth for most crops is limited because available wa- 
ter capacity is low. 

These soils should be farmed on the contour. Con- 
tour stripcropping, with alternate strips in grass-le- 
gume meadow, helps control erosion and slows runoff. 
Mulch planting and a combination of minimum tillage 
and contouring are also effective. Terraces generally 
are not feasible because the soils are shallow over bed- 
rock. Waterways should be constructed in all natural 
drainageways to contain and carry off runoff. Derinda, 
Dubuque, and Whalan soils tend to erust or slake easily 
because the content of organie matter is low. More 
cultivation is needed to break the crust. Returning 
plant residue helps to maintain and improve tilth. 

Permanent pasture is of good quality early in the 
season, but droughtiness generally limits needed forage 
in the middle of the summer. More forage is produced 
in tall-grass pastures of alfalfa and bromegrass than in 
permanent bluegrass pasture, which tends to lie dor- 
mant during midseason. 


CAPABILITY UNIT IIIe-3 


This unit consists of shallow, well-drained, nearly 
level and gently sloping medium-textured soils of the 
Copaston and Whalan series. These soils are on crests 
and upper side slopes extending down from these crests 
on narrow upland ridges. The depth to bedrock ranges 
from 10 to 24 inches. Permeability is moderate, and 
available water capacity is low. These soils are very 
droughty. Some are eroded. The hazard of erosion is 
moderate. Runoff is medium. 

These soils are productive if erosion is controlled, 
runoff is contained, and fertility, tilth, and available 
water capacity are maintained. They are suited to small 
grain and hay crops. Such row crops as corn and 
soybeans, which require more moisture than these soils 
generally have available, tend to dry out before they 
reach maturity. Some corn crops that mature quickly 
and are grown in limited populations can be planted 
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early to best utilize periods before soil moisture is de- 
pleted and when seasonal rain is more frequent. Can- 
ning crops, such as sweet corn and peas, can also be 
used in this way. 

The main management required is control of runoff 
and erosion, which can also greatly replenish water 
taken up in crop growth. Where feasible, these soils 
Should be farmed on the contour or across the slope. 
Contour stripcropping and alternate strips of hay can 
effectively reduce soil and runoff losses. Mulch planting 
is also effective where row crops are grown year after 
year. Row crops should be planted on the contour. 

Some soils in this unit are too shallow over rock and 
too droughty for cultivated crops. These are idle or are 
in pasture. Áreas that can be managed and tilled should 
be seeded to a suitable mixture of alfalfa and brome- 
grass and a small percentage of orchardgrass. Forage 
yields are higher in such areas than in pasture of blue- 
grass. 


CAPABILITY UNIT IIIe—4 


This unit consists of well-drained and somewhat ex- 
cessively drained, sloping sandy loams of the Billett, 
Dickinson, and Eleva series. These soils are on uplands, 
small knolls, and escarpments. They are mostly mod- 
erately cóarse textured. Sand, gravel, or sandstone bed- 
rock is at a depth of 20 to 40 inches. Permeability is 
moderately rapid. These soils are droughty because 
available water capacity is low to moderate. Some are 
eroded; the hazard of erosion is moderate. Runoff is 
medium or slow. Some is absorbed because the infiltra- 
tion rate is moderately high. 

The soils of this unit are productive if erosion is re- 
duced, runoff is contained, and fertility and tilth are 
maintained. They are well suited to hay and small grain. 
Most row crops, such as corn and soybeans, are less 
suited because the soils are droughty; these crops 
require a longer growing season and tend to dry out 
before they reach maturity. Some row crops can be 
grown if they mature quickly and are planted early 
to best utilize available water in the soil and periods 
early in summer when seasonal rain is more frequent. 
Sweet corn and peas are examples. 

The main management required is control of erosion 
and runoff, which is needed to resupply the water con- 
tinually used in plant growth. These soils should be 
farmed on the contour or across the slope. Contour 
striperopping, with alternate strips in hay, helps con- 
trol erosion and runoff. Mulch planting and wheel track 
planting are also very effective where row crops are 
planted year after year. 

Permanent pasture is of fair quality because in most 
areas the surface layer is sandy loam. Available water 
capacity is lower in sandy loams than in soils that have 
a surface layer of loam or silt loam. Deep-rooted grasses 
and legumes, such as a mixture of alfalfa-brome and 
a small part of orchardgrass, can utilize the moisture 
deeper in the soils. 


CAPABILITY UNIT IIIw-1 


This unit consists of deep, very poorly drained, 
nearly level soils of the Garwin and Maxfield series. 
These soils are in the upper reaches of wet drainage- 
ways. Тћеу have a seasonal high water table at a depth 
of 1 foot to 3 feet. They are moderately fine textured. 


Permeability is moderately slow. Frequent flooding is a 
hazard. 

Most undrained areas are idle or used as pasture. 
Other areas are used as outlets for drainage systems in 
adjoining wet fields. These systems consist of open 
ditches, waterways, or large tile mains. In order to 
install such а system, the area should be as much as 
50 percent or more one mapping unit. Some areas are 
cropped up to the drainage outlets, but they are subject 
to flooding. 

These soils are suited to corn and soybeans. Drained 
areas are generally fall plowed, mainly for convenience 
in scheduling fieldwork. Fall plowing also adds to the 
growing season, because soils that are plowed in fall are 
easier to work and warm faster in spring. Soils that are 
fall plowed should be left rough and some plant residue 
left on the surface. Tilling at a minimum in spring 
when moisture content is favorable helps maintain 
tilth. If worked when wet, these soils become cloddy 
and seedbeds are difficult to prepare. Waterways should 
be constructed in areas of excessive overflow because 
they control erosion from scouring or gullying. Care- 
ful use of pesticides is needed because they are easily 
picked up in runoff water. 

These soils are poorly suited to pasture because they 
are wet, have a soft surface layer, and tend to develop 
hummocks. Pasture is generally of a poorer quality 
than improved stands of other permanent pastures; it 
contains a mixture of reeds, sedges, and reed canary- 
grass, which can be cut for wild hay. Pasture areas 
are difficult to improve because of wetness. 

Idle areas of these soils are of limited quality for 
wildlife, but they can be improved if ponds are devel- 
oped. Where future drainage systems are planned, 
ponds for wildlife should be considered. 


CAPABILITY UNIT IIIw-2 


This unit consists of deep, somewhat poorly 
drained, nearly level to sloping soils of the Shullsburg 
and Skyberg series. These soils are on glacial uplands 
in areas of shale bedrock. Shullsburg soils are moder- 
ately fine textured or fine textured, and Skyberg soils 
are medium textured. Permeability is slow or moder- 
ed slow. Available water capacity is moderate to 

igh. 

These soils are chiefly used for crops, and they are 
well suited to corn, small grain, hay, and soybeans. 
The depth of the root zone is the major limitation. 
Water perched seasonally in the upper 1 foot to 3 feet 
limits the depth of the root zone and causes some 
droughtiness and uneven crop stands. Artificial drain- 
age is feasible for Skyberg soils. 

Skyberg and Shullsburg soils are generally fall 
plowed, mainly for convenience in scheduling fieldwork. 
Fall plowing also adds to the growing season because 
soils that are plowed in fall are easier to work and 
warm faster in spring. If plowed in fall, these soils 
Should be left rough and some plant residue left on the 
surface. Tilling at a minimum in spring when the mois- 
ture content is favorable helps maintain tilth. If worked 
when wet, these soils become cloddy and seedbeds are 
difficult to prepare. Shullsburg soils, the more slop- 
ing, require erosion control. 

Pasture is of good to fair quality. The surface layer 
generally is firm enough so that hummocks are not a 
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concern. Renovated pastures in mixtures of brome- 
grass, red clover, and alsike are preferred for improved 
forage. Grazing should be controlled and delayed until 
the surface layer is firm. 


CAPABILITY UNIT IH w-3 


This unit consists of deep, poorly drained and very 
poorly drained, nearly level soils of the Bremer, Colo, 
and Orion series. Most of these soils are on narrow 
flood plains in small watershed areas, but Bremer and 
some Colo soils are on the larger flood plains. These 
soils formed in medium-textured or moderately fine 
textured alluvium. Springs and heads of small streams 
are common, and most areas are cut by small streams. 
Permeability is moderately slow or moderate. Avail- 
able water capacity is very high. These soils are subject 
to flooding and in most areas are very wet. Sediment 
generally aceumulates in most areas and also is scoured 
off and carried farther downstream. 

Most areas of these soils are used for pasture, but 
some are used for crops and others are used as outlets 
for drainage systems either as a natural channel or а 
constructed ditch. Areas of improved drainage along 
the channel are well suited to corn and soybeans. Cau- 
tion is needed in flooded areas of fields to prevent flood 
scouring that can incorporate debris, fertilizers, pesti- 
cides, and soil in the downstream floodwaters. А buffer 
zone or drainageway should be grassed where overflow 
is likely and frequent. 

These soils are well suited to poorly suited to pas- 
ture and hay. Permanent grasses in most pastures are 
mixtures of bluegrass, reed canarygrass, and sedges. 
Pastures can be improved by seeding mixtures of 
bromegrass, red clover, and alsike. Other areas can be 
improved by grasses, such as reed canarygrass. Some 
areas are very wet, and the surface layer is likely to 
be soft. These areas easily become hummocky when 
pastured. Grazing should be controlled and delayed un- 
til the surface layer is firm. I 

` Soils of this unit are suitable for pit-type ponds, 
which сап be used as a source of water for livestock, 
for recreation, and especially for wildlife habitat. Con- 
trol of sediment and floodwaters is needed. 


CAPABILITY UNIT 1115-1 


This unit consists of nearly level to gently sloping, 
somewhat excessively drained to moderately well 
drained soils of the Burkhardt, Dickinson, Estherville, 
and Zumbro series. These soils are on benches and 
flood plains along major rivers. They are medium tex- 
tured to coarse textured. The depth to sand or gravel 
generally ranges from 15 to 30 inches, but is more than 
30 inches in Dickinson soils. Most of these soils are 
very droughty because available water capacity is low 
and the root zone is shallow ; available water capacity 
is moderate and the root zone is deeper in the Dickin- 
son soils. Permeability is moderately rapid or rapid. 
Natural fertility is low. These soils are subject to soil 
blowing. 

If adequate moisture is available throughout the 
growing season, these soils are suited to small grain, 
some hay, and irrigated field crops. Some row crops, 
such as corn or soybeans, can be grown, but growth 
is somewhat limited. Limiting plant population and 
planting crops that can mature during periods of more" 
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frequent rain insure the best utilization of moisture. 

Permanent pasture grows well in spring and early 
in summer, but it dries up or is dormant in summer. 
More forage is produced on pasture of bromegrass and 
alfalfa than on permanent bluegrass pasture. 


CAPABILITY UNIT IVe-1 


This unit consists of deep, well-drained, moderately 
Steep to steep soils of the Lindstrom, Racine, Seaton, 
and Terril series. Most of these soils are medium tex- 
tured. Most of the slightly eroded or noneroded soils 
are in pasture or woodland. Permeability is moderate, 
and available water capacity is high or very high. Run- 
off is rapid. These solls erode easily if ground cover 
is lacking, especially during seedbed preparation. The 
eroded soils generally are in poor tilth. The hazard of 
further erosion is severe, and some severely eroded 
soils have been included in mapping. 

Soils of this unit are suited to small grain, corn, and 
hay if they are well managed and striperopped on the 
contour, with alternate strips in hay. If more row crops, 
especially corn, are needed, mulch planting on the соп- 
tour and wheel track planting are desirable. Soybeans 
should not be planted because they tend to loosen soil 
and increase the hazard of further erosion. Some 
terraces or diversions are effective in containing run- 
off, especially in areas where slopes are very long. 

Soils in this unit are fairly well suited to pasture. 
Most unmanaged pastures, however, are dominated by 
Kentucky bluegrass, which tends to go dormant dur- 
ing the summer. 'The sandy loam surface layer in Ter- 
ril soils has less available water than other soils and 
tends to dry out faster. More forage is produced on 
pasture of tall grass and legumes, for example, alfalfa 
and bromegrass and some orchardgrass. 


CAPABILITY UNIT IVe-2 


This unit consists of well drained and moderately 
well drained, moderately steep to steep soils of the De- 
rinda and Dubuque series. These soils are on the upper 
sides of ridges and entrenched drainageways on up- 
lands. They are underlain by bedrock at a depth of 
20 to 40 inches. They are medium textured. Most of 
these soils are cultivated and eroded. Some are se- 
verely eroded. Most of the slightly eroded or noneroded 
Soils are in pasture or woodland. Permeability is slow 
in Derinda soils and moderate in Dubuque soils. Avail- 
able water capacity is moderate. Runoff is rapid. These 
soils erode easily if ground cover is lacking. They lack 
tilth and tend to slake or crust because the content of 
organic matter is low. Тһе hazard of further erosion 
is severe. 

These soils are suited to small grain, corn, and hay 
if they are well managed and stripcropped оп the con- 
tour, with alternate strips in hay. If more row crops, 
especially corn, are needed, mulch planting and con- 
tour and wheel track planting are desirable. Soybeans 
should not be planted because the soils erode very easily. 
Terraces are effective, but installation is difficult be- 
cause the soils are shallow over bedrock. Wetness is 
possible in Derinda soils. 

Soils in this unit are fairly well suited to pasture, 
but supplemental pasture is needed during prolonged 
dry periods. More forage is produced on pasture of tall 
grass and legumes, such as alfalfa and bromegrass and 
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a small percentage of orchardgrass, than on permanent 
bluegrass pasture. Bluegrass pasture is dormant during 
periods of high temperatures. Many pastures are of 
poor quality because they are covered with brush. 


CAPABILITY UNIT IVe-3 

This unit consists of sloping to moderately steep, 
well drained and moderately well drained soils of the 
Copaston, Schapville, and Whalan series. These soils 
are on the upper sides of narrow upland ridges. Schap- 
ville soils are fine textured. The rest are medium tex- 
tured. Limestone or shale bedrock is at a depth of 12 
to 24 inches. Runoff is medium. Permeability is slow 
in Schapville soils and moderate in the rest. Available 
water capacity is low. The hazard of erosion is severe. 
These soils are droughty. 

The soils of this unit are fairly productive. They are 
suited to small grain, hay, or rotation pasture. Manage- 
ment is needed to reduce erosion and contain runoff 
which, in turn, maintains fertility, tilth, and available 
water capacity. Row crops that benefit from frequent 
seasonal rains and mature early can be grown. Some 
areas have numerous rock outerops and are difficult 
to cultivate. Mulch planting, wheel track planting, and 
contour stripcropping, with alternate strips in hay, сап 
reduce the loss of soil through erosion. Some steeper, 
escarpmentlike areas should be converted to perma- 
nent woodland. 

Schapville soils are difficult to manage because the 
content of clay is high. If worked when wet, these 
soils are very sticky and become hard and cloddy when 
dry. If worked at the proper moisture content, they 
are very friable and require a minimum tillage. In some 
areas fall plowing is needed to keep the soil friable. 
Management that conserves the soil is needed. 

Permanent pasture is of good quality early in the 
season. The forage needed, however, is not produced 
in the middle of the summer because the soil is 
droughty. Yields of forage are highest on tall-grass 
pastures, such as mixtures of alfalfa, bromegrass, and 
some orchardgrass, all of which have deep roots. Some 
permanent pastures are of poor quality because they 
are wooded or brushy. 


CAPABILITY UNIT IVe—-4 

This unit consists of well-drained or somewhat 
excessively drained, sloping to moderately steep soils 
of the Billett, Dickinson, Eleva, and Estherville series. 
These soils are in upland areas and on escarpments of 
benches. They are mostly moderately coarse textured. 
Depth to sand, gravel, or sandstone bedrock is 20 to 
40 inches. Permeability is moderately rapid and rapid. 
Available water capacity is low and moderate. Natural 
fertility is low or medium. The hazards of erosion and 
drought are severe. Soil lost through erosion is carried 
downslope to a lower bench or flood plain. Runoff is 
medium. Much of it is absorbed because infiltration 
is moderate. 

These soils are productive if erosion is reduced and 
runoff is contained. Controlling runoff and erosion 
maintains fertility, tilth, and available water in the 
soil. The soils are well suited to small grain and hay. 
Most row crops require a longer growing season and are 
not so well suited because they tend to dry out before 
they reach maturity. They ean be grown if the plants 
selected mature quickly and are planted early to best 


utilize the available water in the soil and the more fre- 
quent seasonal rains early in summer. Mulch planting, 
wheel track planting, and contour stripcropping, with 
alternate strips in hay, can reduce soil loss where crops 
are grown. 

Some of the steeper, narrow escarpments should be 
converted to permanent woodland because the hazard 
of erosion is very severe. | 

Most permanent pasture is only fair quality because 
the soil is droughty. Shallow-rooted grasses, especially 
Kentucky bluegrass, are dormant early in summer. 
More of the deeper rooted grasses and legumes, for 
example, mixtures of alfalfa and bromegrass and some 
orchardgrass, should be grown to utilize the moisture 
deeper in the soil. 


CAPABILITY UNIT IVs-1 


This unit consists of nearly level and gently sloping, 
excessively drained and somewhat excessively drained 
soils of the Gotham, Lilah, Plainfield, Salida, and 
Sparta series. These soils are on benches or foot slopes 
below walls of major stream valleys. They are mostly 
coarse textured. Permeability is rapid and very rapid. 
Natural fertility is low. The hazard of drought is se- 
vere. Available water capacity is low or very low. The 
hazard of soil blowing is severe, 

These soils are generally too droughty for most cul- 
tivated crops grown in the county. They are suited to 
Special crops, such as Christmas trees or tree nurseries. 
Vegetable or fruit crops that are suited to sandy soils 
also can be grown. The potential for irrigated crops, 
Such as corn, is limited because frequent applications 
of water are needed. 

These soils are poorly suited to permanent pasture. 
Many pastures are woody or brushy. Forage normally is 
dormant early in the season because the soils are dry. 
More forage can be produced on pasture of alfalfa 
and bromegrass than on pasture of native bluegrass. 
Improved pasture is very limited by the drought. 


CAPABILITY UNIT ۷1۵-1 


This unit consists of well-drained, moderately steep 
or steep soils of the Bold, Seaton, and Timula series. 
These soils are on side slopes along entrenched drain- 
ageways on uplands and on some foot slopes below val- 
ley walls. They are medium textured. The content of 
organic matter is medium to low. Available water ca- 
pacity is very high. Some soils in this unit are eroded, 
and some are severely eroded. Wooded areas and pas- 
mue not eroded or are slightly eroded. Runoff is 
rapid. 

These soils generally are not suited to row crops, be- 
cause the hazard of erosion is severe. They are suited 
to hay, pasture, woodland, or wildlife. They are well 
suited to alfalfa and bromegrass because free lime 
carbonates are at a depth of 40 inches in some of 
the soils and are slightly deeper in others. Hayland is 
better suited to grazing than permanent bluegrass 
pasture. Grazing of any of these soils should be con- 
trolled because excessive runoff is a concern. 


CAPABILITY UNIT VIw-1 
This unit consists of very poorly drained, organic 
soils of the Houghton series. Areas are seepy and de- 
pressional and remain wet throughout the year. 
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These soils are not used for сгорз because they gener- 
ally are wet and seepy and are impractical to drain. 
Most areas are used for wild hay and pasture. Some 
areas can be improved for forage if reed canarygrass 
and Garrison creeping foxtail are established. Those 
grasses form a tough, dense sod that supports light 
haying equipment or grazing cattle even when the soils 
are somewhat wet. Reed canarygrass is of better qual- 
ity and is more palatable than hay from marsh 
grass. Satisfactory stands of Garrison creeping foxtail 
require adequate nitrogen fertilizer. 

Most soils in this unit provide cover for wildlife. 
Many areas can be improved by constructing shallow 
pits that provide open water for ducks and other water- 
fowl. The areas should be protected from fire. These 
soils are too wet to be used as woodland. 


CAPABILITY UNIT VIw-2 


This unit consists only of deep, well-drained to poorly 
drained Alluvial land, frequently flooded. This land is 
on flood plains that are flooded very frequently or inun- 
dated for long periods. The alluvium is mostly silty or 
sandy sediment. 

Alluvial land, frequently flooded, has very limited 
use. Some of the acreage is used as pasture or wood- 
land, but most of it is idle. Improving it for pasture 
or crops is not feasible because the hazard of flooding 
is too severe. 


CAPABILITY UNIT Viw-3 


This unit consists of deep, well-drained, coarse-tex- 
tured Alluvial land, sloping. This land is on narrow 
flood plains and alluvial fans that are near soiis of the 
valley wall. Flooding is very frequent, is very high in 
velocity, and occurs after most rains. Some of the acre- 
age is used as pasture or woodland, but most is idle. 
Most pastures are unimproved because access is limited 
or the soil is of poor quality. 


CAPABILITY UNIT УПе-1 


This unit consists of deep, steep and very steep, well- 
drained silty and loamy soils of the Bold, Racine, Sea- 
ton and Timula series. These soils are on upper parts of 
lower foot slopes of valley walls and on some sides of 
entrenched drainageways on uplands. Permeability is 
moderate. Available moisture capacity is high and very 
high. Runoff is rapid. The hazard of erosion is severe 
in cultivated areas or areas that lack vegetation. 

These soils are not suited to cultivated crops, and 
areas now in crops should be in permanent vegetation. 
If these soils are used for pasture or hay, a good cover 
of plants should be maintained to control erosion. 
Also, grazing must be limited to avoid excessive run- 
off that causes gullies along lower slopes. These soils 
are better suited to woodland and to recreational uses. 
Wooded areas should not be pastured. 


CAPABILITY UNIT VIIe-2 


This unit consists of steep and very steep, well 
drained and moderately well drained soils of the Du- 
buque, Frontenae, and Whalan series. These soils are 
on parts of valley walls and on side slopes of en- 
trenched drainageways. They are medium textured. 


They are 20 to 40 inches deep over bedrock or residuum. 
The hazard of erosion is very severe. 

Control of erosion and runoff is essential because gul- 
lies are forming on lower foot slopes and in drainage- 
ways. This control is best obtained through permanent 
vegetation, such as prairie or woodland. If some areas 
are grazed, close control is needed to keep the vegeta- 
tive cover thick. ` 


CAPABILITY UNIT Vils-1 


This unit consists of sloping to very steep, exces- 
sively drained and somewhat excessively drained soils 
of the Bellechester, Gotham, Lilah, Plainfield, and Sa- 
lida series. These soils are mostly coarse textured. They 
are underlain by sand and gravel at a depth of 12 
inches. Available water capacity is low or very low. 
The hazards of drought and erosion are severe and limit 
use. 

These soils are too droughty to be used for crops, 
and a good cover of pasture or hay is difficult to main- 


.tain. In many areas, plants are spindly and sparse. 


The soils should not be pastured because the hazard 

of gullying is severe. Most areas are better suited to 

woodland or wildlife cover than to most other uses. 

E wooded areas must be protected from grazing and 
re. 

Gullies should be shaped and seeded to grass for use 
as waterways. Some gullies require structures, such 
as diversions or dams, that stabilize the soil enough 
to allow grass or trees to grow. 


CAPABILITY UNIT VHs-2 


This unit consists of very steep, excessively drained, 
well drained, and moderately well drained soils of the 
Brodale, Copaston, Marlean, Schapville, and Sogn se- 
ries. These soils occupy all areas on valley walls. Silty 
or loamy material, 10 to 20 inches thick, overlies lime- 
stone, limestone residuum, or shale. These soils are sub- 
ject to very rapid runoff, especially in areas that lack 
thick vegetative cover. 

These areas should be in permanent vegetation of 
woodland or prairie. Under a dense plant cover, these 
soils can absorb more runoff and the hazard of gully- 
ing is reduced along lower foot slopes and drainage- 
ways. Woodland can be harvested for timber. On 
south-facing and west-facing slopes, which generally 
are in native grass, some grazing could be permitted to 
help establish some warm-season grasses, such as 
switchgrass, side-oats grama, and the bluestems. A few 
weeks of early summer grazing can suppress cool-sea- 
son grasses, such as bluegrass, and allow more of the 
warm-season grasses to take over. If these warm-sea- 
son grasses become established, they can support lim- 
ited grazing. These soils are very easily overgrazed, 
however, and erosion ond runoff can be severe. Natural 
stands of warm-season grasses can be lost. 


CAPABILITY UNIT VIIIw-1 


Only Marsh is in this capability unit. It consists of 
ponded areas and land bridgings of Bremer, Houghton, 
MePaul, and Orion soils and Alluvial land, frequently 
flooded. The water level fluctuates, depending on the 
season and the ground water table. 

Vegetation consists of cattails, rushes, sedges, wil- 
lows, and other water-tolerant plants. Marsh is too wet 
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for crops, pasture, or trees. In some places it can be 
cut for wild hay. 

Areas of Marsh provide food, cover, and nesting 
places for waterfowl, muskrat, mink, and beaver. 
Areas can be improved for wildlife by providing level 
ditches to control the water level. 


CAPABILITY UNIT VIIIs-1 


This unit consists of very steep, excessively drained 
or well drained soils of the Brodale and Sogn series. 
Most of these soils are on south-facing and west-facing 
sides of valley walls. These soils are flaggy loams or 
sandy loams 10 to 40 inches deep over bedrock. They 
are subject to very rapid runoff. 

These soils should be left in permanent vegetation 
and not grazed. If possible, they should be planted to 
trees to slow or contain runoff. Pasturing or excessive 
traffic increases runoff. 


Predicted yields 


Table 2 shows predicted average yields per acre of the 
principal crops grown on the soils in the county. Yields 
are predicted for two levels of management. Those in 
columns À are obtained under an average level of 
management, and those in columns B are obtained un- 
der a high level. No yields are shown for Marsh. 

The average level of management is the management 
followed by most farmers in the county. At this level, 
oats, hay, pasture, and soybean crops are seldom fer- 
tilized. Starter fertilizer or manure is used for corn. 
Crops in the rotation are corn and small grain, but the 
acreage of legume-grass hay on the farm is too small 
to permit effective rotation of crops. À green-manure 
crop is sometimes seeded with the small grain. Con- 
touring and contour stripcropping are used to control 
erosion. Tile drainage is generally provided on wet soils. 
The stands of corn range from 15,000 to 24,000 
plants per acre, and the number is not generally ad- 
justed to the type of soil or the amount of soil 
moisture. The seedbed is prepared and cultivated in 
the common manner. Rotation grazing is not practiced. 

The high level of management, for which yields are 
predicted in columns B, is followed by many farmers. 
At this level, fertilizer is applied according to soil 
tests. Manure is generally available. An optimum stand 
of corn is planted; the number of plants in the stand 
is adjusted to the type of soil and the supply of mois- 
ture. The rotation includes a legume-grass mixture or 
a green-manure crop. Erosion is controlled where 
needed. The wet soils are drained by adequate surface 
drainage and tile, but not necessarily by a complete 
drainage system. Large amounts of crop residue are 
returned to the soil, and the amount of tillage is min- 
imized. Weeds, plant diseases, and insects are con- 
troled. Pastures are seeded to a suitable mixture of 
grasses and legumes, and grazing is rotated or regu- 
lated. The immediate response of crops to this level 
i depends on past management of the 
soil. 

The predictions of yields are based on information 
received from several sources. Yields were measured on 
experimental plots on some soils in the county. Rec- 
ords of yields and of soil management practices were 
reported by farmers for crops on some of the soils. 
Information was obtained from a study of the produc- 


tivity of specifie soils conducted jointly by the Soil 
Conservation Service, the Agricultural Extension Ser- 
vice, and the Department of Soils, University of 
Minnesota. Crops were observed and farmers were in- 
terviewed during the course of the soil survey. The 
predictions were judged in relation to soil properties 
that are known to affect growth of crops, compared 
with predictions made for similar soils in other coun- 
ties, and checked against average yields reported in 
the Agricultural Census. 

The yields shown in table 2 are those obtainable by 
using present farming practices and varieties of crops. 
As agricultural technology advances, increased yields 
per acre might be obtained. It is also possible that 
plant diseases and pests might cause average yields to 
be less than those predicted here. 


Use of the soils for pasture and hay 


Most well-drained soils, such as those in capabil- 
ity unit Пе-1, that are well suited to crops are also 
well suited to pasture or hay. Under proper fertiliza- 
tion, rotation grazing, timely harvesting, and weed 
control, these soils have the potential for high-level 
production of hay or pasture. À hay erop is alfalfa or 
an alfalfa-grass mixture. Pasture is mainly grass, such 
as brome or timothy, or a mixture of grasses and le- 
gumes. 

For wet soils, such as those in capability unit IIw-1 
or IIw-2, which are subject to flooding or are too wet 
for normal cropping, hay or pasture is an alternative 
land use. Under proper fertilization, timely harvest- 
ing, rotation grazing, and proper stocking, high levels 
of production are attainable. On these soils it is essen- 
tial to seed grasses and legumes that tolerate wetness. 

For droughty soils, for example, those in capability 
unit IIIs-1, and for soils on which the hazard of ero- 
sion is severe, such as those in capability unit VIe-1, 
hay or pasture is an alternative land use. On droughty 
soils moisture is the limiting factor and careful man- 
agement is essential. Fertilization must be related to 
the productive potential of the site. Grazing is limited 
to the active growth period of the grasses and legumes 
in use, and weeds are controlled to obtain maximum 
production of forage for hay or grazing. 

Also in the county are numerous areas of native 
grassland soils, such as those in capability unit VIIs-2. 
Most of these soils are steep and are suited only to 
grazing or recreational use. Some areas of this grass- 
land are in excellent condition. Some are heavily 
overgrazed. Many areas are dominated by Kentucky 
bluegrass and a residual composition of native prairie 
grasses. Other areas are warm-season grasses, dom- 
inantly big bluestem, indiangrass, side-oats grama, and 
little bluestem. The bluegrass can be managed for max- 
imum production through fertilization and proper graz- 
ing use. The key management principles essential in 
improving the native warm-season species are early 
grazing, which utilizes the cool-season grasses, and 
then deferment from grazing during the growth pe- 
riod of warm-season grasses; or repeated deferment 
from grazing until the vigor of warm-season grass is 
restored. Following improvement, the grassland is man- 
aged to control grazing, taking half and leaving half 
of the current year's production. Under this system, it 
provides good quality forage during July and August, 


GOODHUE COUNTY, MINNESOTA 


TABLE 2.—Predicted average yields per acre of principal crops under two levels of management 
[Absence of a figure indicates the crop is not commonly grown on the soil or is not suited to the soil] 
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Corn for Corn for Soybeans Oats Alfalfa- Rotation | Permanent 
grain silage brome hay pasture pasture 
Mapping unit - - 
А B A B A B A B A B A B А B 
Bu Bu | Tons | Tons Bu Bu Bu Ви Топз Tons | AUM!| AUM!| AUM: | AUM: 
Alluvial land, frequently Воодеда2____________-__|_____|___- |__| À) ______|_____|_____ ЗО | خی‎ 
Alluvial land, Sloping za ааа |] ههد اد وا 2 دا2‎ sc usa اد تست هریت نات بت‎ s ы ыш 1.5 |...... 
Alvin fine sandy loam, 0 to З percent slopes______ 60 80 10 12 18 26 | 45 60 2.4 3.5 | 3.7 | 2 2.5 | 4.3 
Ankeny sandy loam, 0 to З percent slopes... 60 | 80 | 10 12 20 28 | 45| 60| 2.4 ۱ 3.5 | 3.7 | 5.2 | 2.5 | 4.3 
Bellechester sand, 25 to 45 percent юре? _____ |_____|-___|_-__|_____|_____ |. | ||| 1.0 | 1.0 
Billett sandy loam, 2 to 6 percent аорев_________ 55 | 70 7 10 20 22 | 41 53 | 2.5 | 3.0 | 3.8 | 4.5 | 2.0 | 3.8 
Billett sandy loam, 6 to 12 percent віорев------.. 50 | 65 6 9 16 20 | 40| 491 2.0 | 2.5 | 3.0 | 3.7 | 2.01 3.0 
Biscay loam: 5m suu wu uqg نت رید‎ и 75 | 95 | 12 | 4 27 35 | 57 | 70| 3.0 | 4.0 | 4.5 | 6.0 | 3.0 | 48 
Bremer silty clay loam, wet 3.222 | 115 |__| 16 | 40 |..... 85 ......| 4.5 |... 6.71 30| 5.4 
Brodale-Sogn Нарву loams, зђћеера_______________|_____|____- ен лен аме Бан о ЕЕЕ MM رت‎ ae 1.0| 1.0 
Brodale-Sogn flaggy loams, very steep? دی ات یت یس ]ی | اس‎ 1.0 | 1.0 
Burkhardt loam, 0 to 3 percent Морев__________ -| 45 | 55 4 5 15 20 | 35 | 41 2.21 2.2 | 3.7 | 3.7 1.5 | 3.0 
Canisteo silty clay loam- ---------------------- 70 | 95; 10 | 14 21 35 | 49 | 65| 4.0 | 4.5 | 6.0 | 6.7 | 3.0 | 4 
Chaseburg silt loam, 0 to 3 percent slopes 3. __.___ === ۱110 | تس‎ 16: |- ако 35 |..... 80 ...... Боби Б 7.5 | 2.5 | 5.4 
Colo silty clay Лоата3_______________________-- | 110 |..... 16 |...... 40 |----- 65 |...... 4.5 |----- 6.7 | 3.5 | 5.5 
Сора оп loam, 1 to 6 percent чорев4_________-|____- 551. 6 o 16 | === 41 |______ 2.2 |... 3.5 1.5 | 3.3 
Copaston loam, 6 to 12 percent slopes, eroded#___|. 45 |..... S Ее 14 1... З? [2 2.0 |-.--- 3.7 | 1.5] 0 
Copaston loam, moderately deep, 0 to 6 percent 
از‎ 651 90 8 | 13 20 27 | 49 | 67 ۱ 2.6 | 3.6 | 38.8 | 5.2 | 2.0 | 4.3 
Copaston loam, moderately deep, 6 to 12 percent 
slopes, егодеда RE 60 | 80 7 | 11 18 24| 45| 60| 2.4 | 3.2 | 3.6 | 4.5 | 2.0 | 3.8 
Dakota loam, 0 to З percent slopes_____.___.___- 65 | 90 9| 13 20 27 | 49 | 67 | 2.6 | 3.6 | 3.8 | 5.2 | 2.0 | 4.3 
Derinda silt loam, 5 to 12 percent slopes, eroded__| 65 | 80 9 12 20 24 49| 60 ۱ 2.6| 3.6 | 3.8 | 5.2 | 2.5 | 4.3 
Derinda silt loam, 12 to 25 percent slopes, ۵06051 ---- 55 |_____ Se le 41 |... 3.0 |..... 4.5 | 2.0 | 3.8 
Dickinson sandy loam, 0 to 2 percent slopes... 70 | 80 10 | 12 21 24 | 53 | 60! 2.6 | 3.2 | 3.8 | 4.5 1.5 | 3.8 
Dickinson sandy loam, 2 to 6 percent slopes... 65 | 70 9 | 0 20 21 | 49| 53! 2.0 | 2.8 | 3.0 | 3.7 | 1.5 | 4.3 
Dickinson sandy loam, 6 to 12 percent slopes... 50 | 60 |.... 7 15 18 | 39 | 45| 20) 2.4 | 3.0 | 3.6 | 1.5) 3.8 
Dodgeville silt loam, 1 to 6 percent slopes_._..__-_| 65 | 75 9 | 11 20 22 | 49 | 57| 2.6 ۱ 3.0 | 3.8 | 4.5] 2.5 | 8 
Dodgeville silt loam, 6 to 12 percent slopes, eroded.| 60 | 70 7 | 10 15 21 | 45| 53| 2.4 | 2.8 | 3.6 | 4.0 | 2.5 3.6 
Dubuque silt loam, 2 to 6 percent slopes, eroded..| 65 | 5 9 | 1 20 22 | 49 | 57 | 2.6 | 3.0 | 3.8 | 4.5 | 2.5 | 3.8 
Dubuque silt loam, 6 to 12 percent slopes, eroded. 60 | 70 ІСІ JO dix: 45 | 53| 2.4| 2.813.6|4.0| 2.5| 3.8 
Dubuque silt loam, 12 to 18 percent slopes, eroded | 55 | 65 6 ГР ca: 45 | 49| 2.2 | 2.6 | 3.2 | 3.8 | 2.0; 3.2 
Dubuque silt loam, 18 to 35 percent slopes 52. |-____|_____|_____|_____| ی‎ | -- 49 | 2.2 | 2.6 | 3.1 | 3.8! 1.5 | 3.0 
Eleva sandy loam, 2 to 6 percent slopes__________| 55 | 70 7 10 16 21 41 53 2.2 2.8 | 3.1 | 4.0 1.5 3.5 
Eleva sandy loam, 6 to 18 percent slopes.........| 50 | 65 6 9 16 21 | 40 | 49 | 2.0 | 25 ۱ 2.6 | 3.0 | 1.5] 2.4 
Estherville loam, 0 to 6 percent зореѕ......_._.. 50 | 65 6 8 16 21| 40| 49| 2.0 | 2.5 | 2.5 | 3.0 | 151 3.0 
Estherville soils, 6 to 18 percent slopes #4________ | __. 54 |..... 6 |------ 15 | 39| 39| 2.0 | 2.0 | 2.5 | 2.5 | 1.0 | 0 
Fairhaven silt loam, 0 to З percent вгјорев_______- 75 | 95 | 1 14 22 28 | 57 | 71 | 3.0 | 3.8 | 4.5 | 5.8 | 2.5) 4.5 
Frontenac soils; steep? ss..." 2... рен мен жа |"... À. |...) یا د‎ 1.0 |. 
Frontenac soils, very steep?___.......-.--------|--~--|-----]-----]-----]------|---_--|--_-_|-----|------]------[-----[----- 1.02 ар 
Gale silt loam, 0 to З percent slopes__: ---------- 75 | 80; 11 12 22 25 | 57| 70| 3.0 | 4.0 ۱4.5 | 6.0 | 2.5 | 4.8 
Garwin silty clay loam ________-______________- 60 | 125 7 | 17 18 38; А5! 94| 8.0 | 4.0 | 4.5 | 6.۵0 3.01 4.8 
Garwin silty clay loam, 5۳۵1۵88 | ____ 110 | --- 16 |...... Е 32- езда 4.0 |..... 6.0 | 3.0 5.5 
Gotham fine sand, 2 to 12 percent slopes___ |. 50 |----- 6: asl 15 |... 30 |...... 2.0 |..... 3.0 | 1.0| 2.4 
Gotham fine sand, 12 to 35 percent оре. | | | سس‎ -- 2.0 |..... 3.0 1.0 | 2.4 
Houghton mucki ss: а همع‎ a | ایس‎ eec etn мекен ни жек еке кезен ate es 3.5 | 5.5 
Houghton muck; вевру ا سب اند امد سم تشد‎ ta Ы اکن‎ ба 23). 3.5 | 5 
Јоу silt loam, 0 to 3 percent оре. ` 90 | 125 | 13 | 17 30 35 | 65| 80| 3.5) 5.0 | 5.2 1 7.5 | 2.5] 6.0 
Kasson silt loam, 1 to 3 percent зјорез.__________ 75 | 95 11 14 20 25 | 65| 70| 3.5] 4.0 | 5.2 | 6.0 | 2.5 | 6.0 
Kegonsa silt loam, 0 to З percent slopes__________| 701 80 10 12 21 24 | 53| 6 | 28) 3.2 | 4.0 | 4.3 | 2.5 | 3.6 
Kegonsa and Fairhaven silt loams, 6 to 18 percent 
slopes ?_._.---_-_--- КЕЗ НИ КЕКСЕ Заре | Баве ЕРЕН مرس‎ ЕК кенен Z bees кен ene а жне Бе 2,01... 
Klinger silty clay loam, 1 to З percent slopes... 85 | 115 | 12 16 30 35 | 65| 80 | 3.51 5.0 | 5.2 .5 | 8.0] 6.0 
Lawson silt Іоаш....-.-------.-.-.---.---..... 90 | 125 | 13 | 17 30 35 | 65 | 80| 3.5 | 5.0 | 5.2 | 7.5 | 3.0 | 6.0 
Lilah sandy loam, 0 to 6 percent slopes “|... 50 |----- 6| _ VS: | сале 30: БЕРЕН 2.0 |----- 3.0 | 1.0 | 4 
Lilah sandy loam, 6 to 35 percent slopes?. ___ ____|_____|____ | ی‎ À | ی‎ | | 1.0. |= 
Lindstrom silt loam, 2 to 6 percent 8јорев________ 85 | 120 12 16 30 35 | 651 801 3.5 5.0 | 5.2 17.5 | 2.5 | 6.0 
Lindstrom silt loam, 6 to 12 percent морев_______ 75 | 105 | 11 15 25 30 | 60| 701 3.5] 4.5 | 5.2 | 6.7 | 2.5 | 5.4 
Lindstrom silt loam, 12 to 25 percent slopes... 10 | 100 | 10) 15|____|_____ 55 | 651 3.0] 4.5 | 4.5 | 6.7 | 2.5| 5.4 
Mariean’soils; st6ep aaa ae ен ан сенен ее дава Кен s s. Екен е ваша БЕРЕН ее 1.0 |------ 
Marlean soils, very 8066۳02 |__| | arn ON RPM жола смен ВЕ Е гети er а 
Maxfield silty clay loam- 222 -- 60 | 115 7] 16 |[...... 35 |..... 80 | 3.5) 4515.21671 3.0 | 5.5 
Maxfield silty clay loam, swales_____.___._-.-.--|-_--- 105. [5x 15 |] 35 |... TO |... 4.0 |____ 5.5] 8.0! 5.5 
McPaul silt loam $ 2.22... | --- 110 | БЕКЕР 16 i- 85 |... 80 |...... 5.0 |. 7.5 | 2.5} 6.0 
Mt. Carroll silt loam, 0 to 2 percent slopes_______ 85 | 120 | 13 16 25 30 | 651 80 | 3.0 | 5.0 | 4.5 | ۲۰5 | 2.5| 6.0 
Mt. Carroll silt loam, 2 to 6 percent slopes... 80 | 120 | 12 16 25 30 | 65, 80| 3.0 | 5.0 | 4.5 | 7.5 | 2.5 | 6.0 
Mt. Carroll silt loam, 6 to 12 percent slopes, eroded.| 75 | 110 | 1 15 22 28 | 60| 75| 3.0| 4.5 | 4.5 | 6.7 | 2.5] 5.4 
Mt. Carroll silt loam, benches, 0 to 3 percent slopes.| 85 | 120 12 16 25 30| 65| 804 3.0 5.0 | 4.5 1 7.5 | 2.5 | 6.0 
Orion silt loam, меё... سید ما‎ Бан 110 |..... ТО یا‎ se 35 |... 80 esase 5.0 t.. 7.5 | 3.0) 6.0 
Ostrander silt loam, 1 to 6 percent slopes. .......| 80 | 110 | 12 | 15 25 30 | 55| 801 3.0 | 4.5 | 4.5 | 6.7 | 2.5 5.4 
Ostrander silt loam, 6 to 12 percent slopes, eroded.| 75 | 100 | 11 15 20 251 55| 75} 3.0; 4.5 | 4.5 | 6.7 | 2.01 5.4 


See footnotes at end of table. 
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TABLE 2.—Predicted average yields per acre of principal crops under two levels of management—Continued 


Radford silt loam 


slopes ? 


eroded 


eroded 


Skyberg silt loam 


Rotation 
pasture 


۸422| AUM! 
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Soybeans Oats Alfalfa- 
brome hay 
A B A B A B 
Bu | Bu Bu Bu Топз Топз 
------|------[----- 35 |......| 2.5 
- 28| 35| 60| 80 30| 50 
25 35 | 60 | 80 | 3,0 | 5.0 
22 28 | 60 | 75| 3.0 | 4.5 
28 35 | 60 | 80 | 3.0 | 5.0 
25 30 | 551 80 | 3.01 4.5 
20 25 | 50 | 75 | 3.0 | 45 
20 25 | 50 | 75| 3.0 | 4.5 
2-----|--2--- 50 | 70| 3.0 | 4.0 
35 40 | 60| 85| 40) 5.0 
14 ..... 35 |... 2.0 
17 | 23 | 55| 60| 2.5| 3۵137 | 4.8. 
------{------[----- 55 |......| 3.0 
| 27| 30| 65| 80| 35| 50152175 
27 30 | 65| 80| 3.5 | 5.0 
22 28 | 60! 75| 3.01 4.5 
------|------ 50 | 701 3.0 | 4.0 
------|------[----- 65 | 3.0| 4.0 
22 28 | 60| 75| 3.01 4.5 
------{------ 50 | 70| 3.01 4.0 
------|------[----- 65 | 3.0 | 4.0 
20 25 | 60| 70| 3.0 | 4.0 
ا‎ НО НИ 65 | 3.01 4.0 
20 28| 55| 70| 30! 45 
22 27| 57| 67| 3.01 3.6 
| 16|___| 41 ا‎ 22 
26 35 | 64| 86| 3.4 4.6 
22 30 | 57 | 75| 3.0 | 4.0 
21 27 | 53| 67| 2.8 | 3.6 
22 31| 57| 78| 3.0 | 4.2 
21 28 | 53 | 71 | 2.8 | 3.8 
------ 21| 49| 60| 2.6] 3.2 
22 35 | 57| 86| 3.0 | 4.6 
21 35 | 53 | 75| 2.8 | 4.0 
21 24 | 53| 60| 2.8 | 3.2 
18 21| 49| 53) 2.4 | 2.8 
------ 20 |-----| 49 L.....| 2.6 
24222. 18 |-----| 45 |......| 2.4 
------|------[----- 39 |......| 2.0 
-----]|------ 2.0 
------ 16 |.....] 41 |......| 2.2 


Corn for | Corn for 
Мары gram silage 
apping unit 
P A B A B 
Ви Ви | Tons | Tons 
Plainfield loamy sand, 0 to 6 percent slopes4____.|_____ 45 |..... 7.5 
Plainfield loamy sand, 6 to 25 percent чорез2____|____|_______|____ 
Port Byron silt loam, 0 to 2 percent slopes... 90 | 130 | 13 20 
Port Byron silt loam, 2 to 6 percent орев... 90 | 125 | 13, 17 
Port Byron silt loam, 6 to 12 percent slopes, eroded.| 75 | 110 | 11 16 
Port Byron silt loam, benches, 0 to 3 percentslopes.| 90 | 130 | 13 | 20 
Racine silt loam, 1 to 6 percent slopes. .......... 80 | 1051 12| 15 
Racine silt loam, 6 to 12 percent Зорев. ___ 75 | 95 | 11 14 
Racine silt loam, 6 to 12 percent slopes, eroded...| 75 | 95 | 11| 14 
Racine silt loam, 12 to 18 percent slopes, eroded__| 65 | 85 8| 11 
Racine soils, 18 to 35 percent slopes_______ 
----------------------------- 100 | 120 15 16 
Salida gravelly coarse sand, 1 to 12 percent slopes #_|._..- 35 |-----|-----|------ 
Salida gravelly coarse sand, 12 to 45 percent 
Schapville silty clay loam, 2 to 12 percent slopes..| 55 | 65 6 7 
Schapville silty clay loam, 12 to 18 percent slopes 2 _|_____ 55 |..... 6 
Schapville-Sogn complex, 18 to 35 percent slopes._|_____|_____|____ |. ___. 
Seaton silt loam, 0 to 2 percent slopes__________- 85 | 120 | 13 | 16 
Seaton silt loam, 2 to 6 percent 8Јорев___________ 85 | 115 13 15 
Seaton silt loam, 6 to 12 percent slopes, eroded___| 75 | 110 | 1 14 
Seaton silt loam, 12 to 18 percent slopes, eroded..| 70 | 90 | 10| 13 
Seaton silt loam, 18 to 25 percent slopes 5_______ | ___. 75 |----- 11 
Seaton silt loam, valleys, 6 to 12 percent slopes, 
ا‎ 75 | 110 11 14 
Seaton silt loam, valleys, 12 to 18 pereent slopes, 
------------------------------------- 70 | 90 | 101 13 
Seaton silt loam, valleys, 18 to 25 percent slopes5. | _ 75 |..... 11 
Seaton complex, 6 to 12 percent slopes, eroded....| 70 | 85| 10 | 12 
Seaton complex, 12 to 25 percent slopes, eroded 5. |... 75 |....- 11 
Seaton, Timula, and Bold silt loams, зјеера_._____|____|_____|_____|_____ 
Shullsburg silty clay loam, 2 to 14 percent slopes..| 55 | 90 6| 13 
2---2--.-----.2-.--2-2....-2-. 75 | 90 11 13 
Sogn and Copaston soils, 12 to 25 percent Морев2_|_____|___|____|_____ 
Sparta loamy sand, 0 to З percent slopes |. 55 |..... 5 
Terril sandy loam, 2 to 6 percent бюрев. .. 85 | 115 | 12| 15 
Terril sandy loam, 6 to 12 percent 9100۵8 75 | 100 | 1 15 
Terril sandy loam, 12 to 25 percent slopes........| 70 | 90| 10| 13 
Timula silt loam, 2 to 6 percent slopes. _________ 75 | 105 | 11 | 15 
Timula silt loam, 6 to 12 percent slopes__________ 70] 95 | 10 | 14 
Timula-Bold silt loams, 12 to 25 percent slopes...| 65 | 80 9 | 12 
Vasa silt loam, 0 to З percent оре. 75 | 115 | 12 | 15 
Waukegan silt loam, 0 to З percent slopes. ._____- 70 | 100 | 11 14 
Whalan silt loam, 1 to 6 percent slopes. __ 70 | 80 | 10 | 12 
Whalan silt loam, 6 to 12 percent slopes, eroded___| 60 | 70 7| 10 
Whalan silt loam, moderately shallow, 1 to 6 9 
------------------.------....1-.--- 65 |..... 
Whalan silt loam, moderately shallow, 6 to 12 
percent slopes, етодед“"_______._____________|____ 60 |..... 7 
Whalan silt loam, moderately shallow, 12 to 18 
percent slopes, егодеда4____________________.|____- 50 |----- 7 
Whalan silt loam, moderately shallow, 18 to 35 
--------------.-.----.-..41---- 55 |.....] 7 


Permanent 
pasture 


1. 


ке t> ۵ tO tS BO BO бо NNN 


O GO En бл Сл Сл л Сл ooo 


кю ыы b) GO DIO EO IO EO Бо БО ВО КК 00 БО не N NONO NO КО ВО = 
ям © > е OoOumunooooumoOuunununon м Oumnuoounoo 


0 


oun 


© © & 00 нъ جر جر‎ © нь © © 


Г | 4 e 


02000000 н>» GO 00 ح‎ © © сл 00 00 


TAM WN бо © нь 00 сл сл 


bea 


3 
1AUM. Animal-unit-months is a term used to express the carrying capacity of pasture. It is the number of animal units, or 1,000 pound 
of live weight, that can be grazed on an acre of pasture for a period of 30 days. 
?'These are very steep or flooded soils that have some potential for permanent pasture. They are mostly inaccessible to farm equipment. Special 
consideration has to be given to control erosion and runoff. 
3 Yields are generally obtainable only after major limitations have been corrected. Very little of this was practical at the time this survey was 
prepared because the expense involved is considerable. 


Supply of moisture is generally too limited for crops during most years, and very few areas are currently cropped. Highest average yields are 
attainable where favorable moisture supply is available. 


5 Generally these are very steep soils that are subject to erosion. Some сг 


tation. Estimated yields are given for some of these crops that could be use 


opping could be permitted during reestablishment of permanent, vege- 
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a period when bluegrass and other introduced species 
tend to go dormant. 


Woodland, Windbreaks, and Shelterbelts ° 


This section gives general facts about the woodland 
in the county. It describes the principal forest cover 
types, the soil properties that affect the production of 
trees, and the pests and diseases that affect woodland. 
It also gives facts about windbreaks and shelterbelts 
and discusses the woodland groups. 

Goodhue County is near the north end of the new 
Minnesota Memorial Hardwood State Forest, which 
extends from Hastings in Dakota County to Houston 
County in the southeastern corner of the State. The 
forest takes in all of the bluffs along the Mississippi 
River and extends back from the Mississippi River 
along the Zumbro and Cannon Rivers and other major 
tributaries of the Mississippi. 

Forest cover iypes.—Hardwoods make up a large 
part of the present forest cover in this county, but there 
are some brushy species. Most of the harvestable tim- 
ber is red oak, but other valuable hardwoods of high 
quality that should be managed are black walnut, hard 
maple, and basswood. According to data by the Office 
of Iron Range Resources and Rehabilitation, about 
64,000 acres of six forest cover types are in this county. 
About 5,500 acres is northern hardwoods, about 37,700 
acres is oaks; about 10,000 acres is bottom-land hard- 
woods; about 3,400 acres is aspen-birch; about 2,000 
acres is grass-upland brush; and about 5,400 acres is 
lowland brush. 

'The northern hardwoods cover type is mainly a mix- 
ture of red oak, white oak, basswood, hard maple, and 
American elm and a few black walnut, butternut, and 
black cherry trees. 

The oak cover type is mainly red oak. Secondary 
species are white oak and bur oak. 

The bottom-land hardwood cover type consists 
mainly of eastern cottonwood, soft maple, and Ameri- 
сап elm. White willow, basswood, and black ash are 
minor species. 

The aspen-birch cover type is made up of quaking 
aspen and paper birch. 

The upland brush cover type is made up of partly 
cleared uplands, takén over by sumac, prickly ash, 
gooseberry, and buckthorn. The areas were formerly 
covered by oaks or northern hardwoods. 

The lowland brush cover type is made up mainly of 
willows that grow on bottom lands along rivers. The 
areas were formerly cropland or pasture. 

Soil properties that affect the production of trees.— 
The combinations of species or forest types that grow 
on a particular area are determined largely by the 
kinds of soil and by the position of the soils on the 
landscape. The soils of this county differ greatly in 
their suitability for trees. 

Among the most important factors that affect the 
capacity of soils for growing trees are optimum soil 
moisture and soil features that permit the development 
of an adequate root system. Other significant charac- 
teristics are the thickness of the surface layer, the 


?Prepared by JoHN HULTGREN, forester, Soil Conservation 
Service. 


natural supply of plant nutrients, the texture and con- 
sistence of the soil material, the aeration, the drain- 
age, and the depth to the water table. 

In this county, drainage is an important factor that 
affects the suitability of a site for trees. The soils 
have been classified as excessively drained, well drained, 
moderately well drained, somewhat poorly drained, 
poorly drained, and very poorly drained. On excessively 
drained soils, pines are more suitable than hardwoods. 
On the somewhat poorly drained, poorly drained, and 
very poorly drained soils, many species of trees do not 
thrive. 

In the steeper areas trees grow better on slopes that 
face north and east than on slopes that face south and 
west, because the north- and east-facing slopes are 
cooler and more moist. The coves are even more desir- 
able for trees. 

Woodland pests and diseases.— All wooded areas 
are subject to insect disease and animal damage. The 
insects are the defoliators, the leaf miners, and the 
sucking, twig, and stem borers. Animal pests include 
mice, moles, gophers, rabbits, and deer. The most se- 
rious diseases are Dutch elm disease, oak wilt, and 
white pine blister rust. 

Little relationship can be established between the 
kinds of soil and the prevalence of insects and diseases. 
The relationship between the topography and the se- 
verity of white pine blister rust is somewhat more evi- 
dent. Trees at the high elevations, such as trees on 
upland ridges, appear to be less susceptible to white pine 
blister rust than soils on valley slopes. Damage caused 
by pocket gophers is more severe on sandy soils, such as 
Plainfield and Sparta soils, and on silty soils, such as the 
Seaton, Mt. Carroll, and Port Byron soils. 


Woodland grouping 


Management of woodland can be planned more easily 
if the soils are grouped according to those characteris- 
ties that affect the growth of trees and the manage- 
ment of the stand. The soils of the county have been 
assigned to nine major woodland suitability groups and 
to subgroups according to slope and aspect. 

Each woodland group is made up of soils that have 
similar suitability for trees and shrubs and are sub- 
ject to similar hazards and limitations. 

The woodland groups in the county are shown in 
table 3. The table shows, by woodland group, the degree 
of hazard to management for wood crops, the preferred 
species for planting, and the site index, or productivity, 
of the major trees that grow on the soils of each 
group. More specific and detailed information than can 
be shown in the table is given in the descriptions of the 
individual groups of soils. To learn the woodland group 
to which a particular soil has been assigned, refer to 
the Guide to Mapping Units. 

Seedling mortality is the expected loss of natural or 
planted seedlings resulting from unfavorable soil char- 
acteristics, degree of wetness, or topographic position. 
Mortality is slight if the loss is less than 25 percent, 
moderate if loss is between 25 and 50 percent, severe 
if more than 50 percent. 

Plant competition refers to the encroachment of 
competing vegetation. Competition is slight if compet- 
ing vegetation does not restrict the growth of seedlings. 
It is moderate if plant invaders delay, but do not 
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TABLE 3.—Site productivity ratings by woodland suitability group 


Hazard to management Productivity 
Woodland -| Preferred species 
suitability Seedling Plant Erosion Equipment | Windthrow for planting Important Esti- 
group and aspect | mortality | competition hazard limitations hazard species mated 
site 
index 
Group 1: ' 
0 to 12 percent | Slight. Severe...... Slight___;__| Slight______ Slight___ Black walnut, red oak, | Black walnut....| 55-65 
slopes. white oak, silver Basswood....... 65-75 
maple, sugar maple, | Red оаК________ 65-75 
white pine, spruce, | Sugar maple....| 55-65 
Scotch pine. Cottonwood. .... 85-95 
Spruce and pine.| 60-70 
12 to 35 percent | Slight... Severe______| Moderate...| Moderate... Slight______ Sugar maple, red oak, | Black walnut....| 50-65 
slopes, north- white pine. Sugar maple. ___| 50-65 
and east- Red oak........ 60-75 
facing. White озк______ 60-75 
Basswood....... 60-75 
12 to 35 percent | Slight to Severe......| Moderate to | Moderate... | ВО. Scotch, red Austrian | Red oak_______ 45-55 
slopes, south- moderate, severe, pine, ponderosa Bur oak.. 45-55 
and west- pine. White birch_____ 30-40 
facing. 
Group 2--________. Slight- ----- Ñevere______ Slight- |... Slight or Slight... Sugar maple, silver Азћ____________ 55-65 
moderate maple, cottonwood, | Basswood....... 65-70 
(seasonal white pine, spruce, | Cottonwood..... 80-90 
wetness). red oak. Red oak........ 65-70 
Silver maple... 65—70 
Sugar maple____| 55-65 
Group 3: 
О to 12 percent | Slight to Severe... .... Slight to Slight- Slight__ Oaks, silver maple, Black walnut____| 55-60 
slopes. moderate. moderate. black walnut, red Basswood....... 55-60 
pine, white pine. Red oak. ....... 55-70 
White оак___.__ 55-70 
Sugar maple. ...| 50-60 
12 to 35 percent | Slight______ Severe......| Moderate to | Moderate... | Slight. 2. Red oak, red pine, Red oak- 50-70 
slopes, north- severe. white pine, white Aspens......... 55-65 
and east- spruce. Paper ив... 45-55 
facing. White сак. 50-70 
Мама 40-50 
Pine............ 50-65 
12 to 35 percent | Moderate to | Moderate... | Зеуеге______ Moderate___| Slight______ Austrian pine, Scotch | Eastern redcedar.| 20-35 
slopes, south- severe. pine, ponderosa Paper birch. ___- 35 
and west- pine, red pine. Bur oak. .------ 35 
facing. 
Group 4----------- Moderate. ..| Slight to Бъ. Slight ----- Slight... Jack pine, red pine, Eastern гедседаг.| 10-30 
moderate. ponderosa pine, Bur oak. ....... 35-45 
bur oak. Pine........... 45-55 
Group 5........... Moderate. __| Slight to Moderate or | Moderate... | Slight to Red oak, basswood, Northern red оак | 45-60 
moderate. severe. severe. white spruce, white | Aspen._.______- 50-60 
pine. Birch........... 40-50 
White oak....... 45-60 
White рте_____. 50-60 
Group 6-_______._. Severe...... Slight______ Severe...... Severe______ Slight to Ponderosa pine, red Eastern redcedar.| 10-30 
severe. pine, Austrian pine, | Ведрте_______ 40-50 
jack pine. Paper birch. .... 10-35 
Bur oak. ....... 25-40 
Group 7........... Slight- ..... Severe...... Slight_____. Slight or Moderate___| Black walnut, river American elm___| 55-75 
moderate. birch, green ash, Green а 55-60 
silver maple, hack- | Silver maple. ...| 60-70 
berry, white oak, Cottonwood_____ 80-100 
black spruce, 
balsam fir. 
Group 8____ Slight- ----- Severe______ Slight______ Slight- ----- Slight_____. Black walnut, green American elm. ..| 55-65 
ash, white oak, Green аз. 55-65 
silver maple, Silver maple. ...| 65-75 
balsam fir. Cottonwood. .... 80-100 
Black walnut....| 55-75 
White oak. ..... 55-75 
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TABLE 3.—Site productivity ratings by woodland suitability group—Continued 


Hazard to management Productivity 
Woodland Preferred species — 
suitability Seedling Plant Erosion Equipment | Wmdthrow for planting Important Esti- 
group and aspect mortality | competition hazard limitations hazard species mated 
site 
index 
Group 9----------- Бр. Severe... Slight...... Severe...... Moderate or | Cottonwood, black Willow. ........ 20-0 
severe. spruce, blaek ash, Black ash....... 20-0 
tamarack, northern | Red maple...... 30-60 
white cedar. Cottonwood... 60-80 


prevent, the establishment of a normal, fully stocked 
stand of desirable species. Competition is severe if 
grass, brush, or undesired trees prevent adequate regen- 
eration and intensive site preparation and maintenance 
are needed until desired species are well established. 

The hazard of erosion is the degree of soil loss caused 
by kind or water action. The plant cover, the slope, 
and soil properties are important factors. The hazard 
is slight if erosion is no problem. It is moderate if 
normal conservation measures are needed to control 
soil loss. It is severe where special measures or restric- 
tions are needed to control soil loss and maintain the 
level of fertility. 

Equipment limitation is slight where restrictions are 
few on the type of equipment or on the time of the 
year that the equipment can be used. The limitation 
is moderate if the use of equipment is restricted by 
steep slopes or wetness for more than 8 months or if 
indiscriminant use of equipment could create soil ero- 
sion or damage tree roots. The limitation is severe if 
the use of equipment is restricted or limited more than 
6 months per year. 

Windthrow hazard refers to soil characteristics that 
enable trees to resist being blown down by the wind. 
The hazard is slight if most trees withstand the wind; 
it is moderate if some trees are expected to blow down 
because of high winds and excessive wetness; it is se- 
vere if many trees are expected to blow down during 
periods when the soil is wet and winds are moderate 
or high. 

Site index is the height attained in 50 years by the 
average dominant and codominant trees growing in a 
relatively even-aged stand. A dominant tree is one 


that is among the tallest, with its crown well up in 
the top of the canopy. А codominant tree may not 
be the tallest, but it has the top of its crown in the 
upper canopy for sunlight, has some side competition 
in the upper canopy, and is not suppressed or held 
back in its height growth. Site index is a term used 
to reflect the combined effect of different environmental 
factors and is commonly used by foresters as a mea- 
sure of stand productivity. Table 4 gives estimated 
yields of various species by site index for well-stocked, 
unmanaged, even-aged stands in about a 50-уеаг rota- 
tion. 


WOODLAND GROUP 1 


This group consists of the Bold, Lindstrom, Mt. Car- 
roll Ostrander, Port Byron, Racine, Seaton, Terril, 
and Timula soils. These soils are well drained, and they 
range from medium to moderately coarse in texture. 
Natural fertility is low to medium. The content of or- 
ganie matter ranges from low to high. Available water 
capacity is high or very high, and permeability is mod- 
erate. 

The soils in this group are on a variety of landscapes 
over a large percentage of the county, and for this 
reasons site conditions vary somewhat. 'The south- or 
west-facing aspects of the moderately steep to very 
steep soils have more exposure to the sun than the 
others. This, in turn, causes more evaporation and 
keeps the site warmer and drier. The site index is also 
lower in these areas. The soils in deep coves or ravines 
have the most nearly ideal growing conditions for 
hardwoods. 


TABLE 4.—4A nnual yields per acre for stated kinds of trees by site index 


(Adapted from unpublished data by S. P. Gevorkiantz, North Central Forest Experiment Station. Тһе symbol > means more than; 
the symbol « means less than] 


Site index for— 


Annual yield in cords per acre! 
Jack pine, northern hardwoods, 


Red pine and 
poplars, and white birch 


White pine, upland 
white spruce 


oaks, ash, elm 


20.7 >60 >65 >70 
0.6 to 0.7 55 60 65 
0.5 to 0.6 50 55 60 

<0.5 <45 <50 <55 


1 Trees greater than 6 inches in diameter at breast height. 
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WOODLAND GROUP 2 


This group consists of Joy, Kasson, Klinger, Shulls- 
burg, Skyberg, and Vasa soils. These soils are moder- 
ately well drained and somewhat poorly drained. They 
are medium textured and moderately fine textured. All 
are wet or have a seasonal water table in the upper 
1 foot to 8 feet. Joy, Kasson, and Vasa soils аге sea- 
sonally wet. Slopes are dominantly 0 to 4 percent, but 
are as much as 14 percent in the Shullsburg soils. Nat- 
ига] fertility is medium. The content of organic matter 
is moderate or high. Permeability is moderate to slow. 

The soils in this group are well suited to hardwood 
trees. Most of the acreage, however, is used for culti- 
vated crops. 


WOODLAND GROUP 3 


This group consists of Alvin, Billett, Copaston, Da- 
kota, Derinda, Dickinson, Dodgeville, Dubuque, Eleva, 
Fairhaven, Gale, Kegonsa, Schapville, Waukegan, and 
Whalan soils. These soils are on stream benches and 
upland ridges. They are dominantly well drained. They 
are medium textured and moderately coarse textured 
and are mostly underlain by sand, sand and gravel, 
or bedrock. Derinda and Schapville soils are under- 
lain by shale. Available water capacity is dominantly 
moderate, but is low in Eleva soils and ranges to high 
in Waukegan soils. Permeability is dominantly moder- 
ate to moderately rapid, but is slow in Derinda and 
Schapville soils. The content of organic matter in the 
surface layer ranges from low to high. 

The soils in this group are on a variety of landscapes, 
and for this reason growing conditions vary. The 
steeper soils and south- or west-facing aspects in the 
uplands are poorer sites for trees because their greater 
exposure to the sun causes them to be drier than other 
soils. Soils in the deep, narrow ravines in the uplands 
are good sites for hardwoods because they are pro- 
tected from wind. Soils on stream benches generally 
are suitable for trees if they are protected from wind, 
but sites vary. 


WOODLAND GROUP 4 


This group consists of somewhat excessively drained 
and excessively drained, nearly level to moderately 
Steep soils of the Burkhardt, Estherville, Gotham, Li- 
lah, Plainfield, Salida, and Sparta series. These soils 
are mainly on benches along streams. They are domi- 
nantly coarse textured. The upper part of Burkhardt 
and Estherville soils is medium textured or moderately 
coarse textured. Available water capacity is low and 
very low. The content of organic matter is low to mod- 
erate. Natural fertility is low. 

Most sites are fairly uniform. The best sites are pro- 
tected from wind. Most areas of the Gotham soils are 
on foot slopes along north- and east-facing hillsides. 
These soils have a cooler and moister climate than the 
other soils in this group. These soils are suitable for 
hardwoods, such as red oak, hard maple, and basswood. 


WOODLAND GROUP 5 


This group consists of well-drained, moderately steep 
to very steep soils of the Dubuque, Frontenac, Marlean, 
and Whalan series. These soils are on walls of stream 
valleys or deep upland ravines. They are medium tex- 
tured. They are shallow or moderately deep over bed- 


rock or its residuum. Natural fertility is medium. The 
content of organic matter ranges from low to high. 
Available water capacity is low to moderate. 

For the most part, these soils are excellent for hard- 
woods and have a high site index, especially in narrow 
ravines or along foot slopes in stream valleys, mainly 
because they are protected from wind. Most areas are 
north-facing to east-facing, but some of the ravines 
face south to west. A large percentage of the native 
hardwoods growing in this county are on these soils. 


WOODLAND GROUP 6 


This group consists of well drained, moderately well 
drained, and excessively drained, moderately steep to 
very steep soils of the Bellechester, Brodale, Copaston, 
беһаруШе, and борт series. Brodale, Copaston, and 
Sogn soils are shallow over bedrock or its residuum 
and are coarse textured. Schapville soils are fine tex- 
tured. All are on walls of stream valleys. Most areas 
face south to west. Slopes are very long and have an 
elevation difference of 75 to 400 feet. The soils are 
very warm, dry, and sunny. The content of free lime is 
mainly high. Natural fertility is low. Available water 
capacity is low to very low. 


WOODLAND GROUP 7 


This group consists of the well drained or moder- 
ately well drained Chaseburg, McPaul, and Zumbro 
soils and the well drained to poorly drained Alluvial 
land, frequently flooded, and Alluvial land, sloping. АП 
but the Zumbro soils are flooded very frequently. АП 
range from medium textured to coarse textured. Avail- 
able water capacity is low to very high. Fertility is low 
to medium. The content of organic matter is low to 
moderate. If à water table occurs, it is typically at a 
depth of more than 5 feet, except in Alluvial land, fre- 
quently flooded. 

Uprooting is a hazard because the soil around tree 
trunks is undermined by channel cutting. This is typi- 
са! of Alluvial land. 


WOODLAND GROUP 8 


This group consists of Ankeny, Lawson, and Rad- 
ford soils. These soils are on flood plains along major 
streams. They are medium textured and are domi- 
nantly moderately well drained or somewhat poorly 
drained. A water table is generally at a depth of 5 to 
7 feet. Available water capacity is very high in the 
Lawson and Radford soils and is moderate in the An- 
keny soils. Fertility is low to medium. Content of or- 
ganic matter is moderate to high. 


WOODLAND GROUP 9 


This group consists of Biscay, Bremer, Colo, Cani- 
steo, Garwin, Houghton, Maxfield, and Orion soils and 
areas of Marsh. These soils are poorly drained and very 
poorly drained. A seasonal water table is at a depth of 
1 foot to 3 feet. Available water capacity is mostly 
high or very high. The content of organic matter is 
moderate to very high. 


Windbreaks for fields and farmsteads 

Farmsteads need protection from wind, especially 
in winter. 

Farmstead windbreaks retard wind velocity and trap 
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much of the snow before it reaches the farmstead. Many 
benefits are derived from windbreaks. Fuel savings 
are substantial, feed consumption by protected live- 
Stock is reduced, and living conditions are more plea- 
sant. 

Field windbreaks or shelterbelts are needed on some 
of the soils in the county to control soil blowing and 
drifting snow. They also conserve moisture and pro- 
tect crops, livestock, and wildlife. Some of the soils in 
woodland groups 4 and 5 need this kind of protection. 
АП windbreaks or shelterbelts should be designed to 
fit the site. 


Wildlife? 


The soils of Goodhue County have the potential to 
provide habitat for various kinds of species of wild- 
life. Different soils have different suitabilities for pro- 
ducing various types of habitat components. A distinet 


interrelationship exists between different types of. 


plants on different soils and the animals associated 
with these plants. For example, the Seaton soil asso- 
ciation has good potential for habitat elements favor- 
able to the deer. The associated soils in this association 
produce heavy timber stands that deer utilize for 
browse and escape cover. They also produce high- 
quality food plants and woody cover needed by deer. 

Pheasant populations are fair in the southwestern 
part of the county on the Maxfield-Klinger, Klinger- 
Maxfield-Kasson, and Racine-Ostrander-Maxfield asso- 
ciations. Better cover conditions are needed to improve 
these areas, however. 

Waterfowl populations are concentrated along the 
Mississippi River on the eastern boundary of Соодћие 
County where an extensive network of marshes, wet- 
lands, and streams occur. Waterfowl mainly inhabit 
the Marsh-McPaul-Radford association on the Cannon 
and Mississippi River bottoms. 

Numerous upland game and songbirds are distributed 
throughout the county. For more specific information 
related to the soil suitabilities for various types of 
habitat, see table 5. 


а Prepared by JOHN W. BEDISH, biologist, Soil Conservation 
Service. 


Engineering Uses of the Soils * 


This section is useful to those who need information 
about soils used as structural material or as founda- 
tion upon which structures are built. Among those 
who can benefit from this section are planning commis- 
sions, town and city managers, land developers, engi- 
neers, contractors, and farmers. . 

Among properties of soils highly important in 
engineering are permeability, strength, compaction 
characteristics, soil drainage condition, shrink-swell 
potential, grain size, plasticity, and soil reaction. Also 
important are depth to the water table, depth to bed- 
rock, and steepness of slope. These properties, in vari- 
ous degrees and combinations, affect construction and 
maintenance of roads, airports, pipelines, foundations 
for small buildings, irrigation systems, ponds and small 
dams, and systems for disposal of sewage and refuse. 

Information in this section of the soil survey can be 
helpful to those who— 


1. Select potential residential, industrial, com- 
mercial, and recreational areas. 

2. Evaluate alternate routes for roads, highways, 
pipelines, and underground cables. 

3. Seek sources of gravel, sand, or clay. 

4. Plan farm drainage systems, irrigation sys- 
tems, ponds, terraces, and other structures for 
controlling water and conserving soil. 

5. Correlate performance of structures already 
built with properties of the kinds of soil on 
which they are built, for the purpose of pre- 
dicting performance of structures on the same 
or similar kinds of soil in other locations. 

6. Predict the traffieability of soils for cross- 
country movement of vehicles and construc- 
tion equipment. 

7. Develop preliminary estimates pertinent to 
construction in a particular area. 


Most of the information in this section is presented 
in tables 6, 7, and 8, which show, respectively, es- 
timates of soil properties significant in engineering; 


*'THEODORE O. THORSON, engineer, Soil Conservation Service, 
helped prepare this section. 


TABLE 5.—Suitability of the soil associations for wildlife habitat 


А Upland game Waterfowl and Small game Big game Songbirds 
Soil association 1 (pheasant and furbearers (squirrels, (deer) (bluebird, 
Hungarian (ducks, mink, rabbits) field sparrow) 
partridge) beaver, 
and muskrat) 
Maxfield-Klinger association. __________________ Ral В Fair to poor 2______ Ка Fair... Good 
. Klinger-Maxfield-Kasson association. ____.______ Fair... Fair to poor?_____. Fair 2 Fair... Good 
Racine-Ostrander-Maxfield association. _________ Fair to poor. ...... Fair to poor?______ Fair. ........ Баг... Good 
Seaton association. _---._--------------------- Соод__-.________- Е Good. ....... Good. ....... Good 
Mt. Carroll-Garwin-Port Byron association_____. Fair to good__..-.- Fair to роог2__.__ Fair to good__| Fair to good_.| Good 
Seaton-Racine-Marlean association. _ _._________ Fani си 0 РОО u. بیترت‎ Far......... Fal Fair. 
Timula-Frontenac association__________________ Жалды сыла wa Poor... Кай... Fair. __ Fair. 
Seaton-Frontenac-Chaseburg association________ Кай a Poor L ава клина Fair......... Fair... Fair. 
Estherville-Waukegan-Alluvial land association ..| Fair. ............. Fair...... e Good. ....... Good. ....... Good 
Marsh-McPaul-Radford association... Fair......... Сбоо .----------- Fair. ........ Faire: بر‎ и Good 


1Бее general soil map for location. 


2 Poorly and very poorly drained soils have a good potential for wetland development. 
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TABLE 6.— Estimated soil properties 


[An asterisk inthe first column indicates that at least one mapping unit in this series is made up of two or more kinds of soil that may have different 
column. The symbol > means 


Depth to— Depth Classification 
Soil series and map symbols - from USDA texture 
Bedrock | Seasonal high | surface Unified AASHO 
water table 
Feet Feet Inches 
Alluvial land: 
ИЕ au ERU >10 sn oes 
Few reliable estimates can be 
made. Material too variable. 
А Пода оо е басни >10 < ۱۳۰ СЕКСЕН eh ee ТЕ ee Sl کی‎ Е 
Few reliable estimates can be 
made. Material too variable. 
Alvin: АМА >10 >10 0-13 | Fine sandy loam...... SM А-4 
13-60 | Fine sandy loam______ SM or SC A-4 
60-65 | Gravelly coarse loam..| SW or SP А-1 
Ankeny: АхА.--.------------------ >10 57 0-27 | Sandy loam........... SM А-2 or А-4 
27-36 AIR e ОИЕ ML or CL -4 
36-60 | Loamy зап -_--____-- SM A-2-4 
60-70 | Coarse sand. دی‎ SW or SM А-1-Ь 
Bellechester: Вар_____________.____- 3-6 (3) 0-23 | Sand----------------- SP A-3 
23-42 | Sand. SP А-8 
42 | Sandstone bedrock. 
Billett: BbB, 896 22... 5-10 >10 0-20 | Sandy loam........... SM or 8C A-2-4 
20-34 | Loamy sand. ......... SM А-2-4 
84-60 | Запа_______________-_ SP or SM A-3 
Biscayi Ве >10 1-3 0-12 | Говт.----.---------- ML or CL А-7 
12-30 | Clay Лоата ____________- CL А-7 
30-60 | Gravelly coarse ва. | SW or SP ۸-1-0 
Bold E >10 >10 0-6 | Siltloam............. MI, А-4 
Mapped only with Seaton and 6-60 | Siltloam____________- ML А-4 
Timula soils. 
Bremer: Вт----------------------- >10 1-4 0-15 | Silty clay loam________ MH A-7 
15-35 | Silty clay loam........ CH or CL А-7 
35-41 | Silty сјау_____________ МН or CH А-7 
41-60 | Silt loam- ___________ CL or ML A-7 
*Brodale: BoE, 90۵۲ LL. 4612 (3) 0-10 | Flaggy loam__________ SM ог SC А-2 ог А-4 
For Sogn part, see Sogn series. 10-50 | Flaggy sandy loam....| SM -2 
50 | Limestone bedrock. 
Burkhardt: ВА ы >10 >10 0-16 | Loam................ SM ог МГ, А-4 
16-35 | Gravelly coarse вала. | SM or SC А-1 
35-70 | Stratified coarse sand | SP ог GW А-1 
and fime gravel. 
Canisteo: Са-—-.----.----------.--- >10 2-4 0-18 | Silty clay Јоата._______ ML or МН A-7 
18-29 | Silt јоат___.__________ ML A-7 
29-50 | Sandy loam........... SM or SC А-4 or А-6 
50-60 | Тюаш----------.----- CL А-6 
Chaseburg: ChA------------------- >10 >10 0-74 | Silt loam. دا‎ ML A-4 
Colo: Co... بمب‎ ода >10 1-3 0-30 | Silty clay loam........ ML, MH, ОН, or OL| А-7 
30-60 | Silty clay loam________ CL or MH A-7 
Copaston: 
VB CNED: ee eas 1-1% (3) 0-6 | Loam_______._______. ML, SC ог SM А-4 
6-16 | Loam---------------- SM-SC А-4 
16 | Bedrock. 
CwB, CwC9. --.----------------- 2-3 (3) 0-13 | Гоат._______________ ML А-4 
13-25 | Loam_______________. ML А-4 
25-32 | Sandy clay loam ______ SC А-7 
32 | Bedrock. 


See footnotes at end of table. 
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significant in engineering 


properties and limitations. For tbis reason it is necessary to follow carefully the instructions for referring to other series that appear in the first 
more than; < means less than] 


Coarse 

fraction Percentage of material less than 3 inches 

greater in diameter passing sieve— Liquid Plas- Perme- Available Reaction Shrink- 

than3 | — Ys— limit ticity ability "water Í swell 
inches in №. 4 No. 10 No. 40 No. 200 index capacity potential 
diameter (4.7 mm) | (2.0 mm) | (042 mm.) |(0.074 mm) 

Percent Percent Inches per Inches per pH 

| hour inch of 


зой 


КРЕ ee P ава бе ss есето MENOS eR ара с tm со ua с род ی‎ RN леи аре un ne 6.6–7.8 | Low. 


95-100 95-100 70-85 40-50 20-30 2-8 2.0-6.0 0.16-0.18 5.6-6.0 | Low. 
0 95-100 95-100 70-5 40-0 26-5 5-10 0.6-2.0 0.15-0.17 5.6-6.0 | Low 
(1) 90-95 70-80 35-50 2-5 | (2) NP МР 6.0-20.0 | 0.02-0.04 7.4-7.8 | Low 
0 98-100 95-100 60-80 25-45 КР КР 2.0-6.0 | 0.13-0.15 6.6-7.3 | Low. 
0 98-100 95-100 90-98 70-80 20-25 2-8 2.0-6.0 | 0.17-0.19 6.1-6.5 | Low. 
0 98-100 ^5-100 60-75 15-30 NP NP 2.0-6.0 | 0.08-0.10 6.1-6.5 | Low. 
0 95-100 95-100 35-50 5-10 NP NP 6.0-20.0 0.02-0.04 7.4-7.8 | Low 
0-6 80-100 80-90 50-70 2-5 NP NP 6.0-20.0 | 0.06-0.09 7.4-7.8 | Low 
0-10 80-100 80-90 50-70 2-5 МР МР 6.0-20.0 | 0.04-0.08 7.4-8.4 | Том. 
0 95-100 95-100 60-0 25-35 20-30 2-8 2.0-6.0 0.13-0.15 6.1-7.3 | Low. 
0 90-95 90-95 60-70 15-20 NP NP 2.0-6.0 0.09-0.11 6.6-7.3 | Low 
(1) 85-95 80-90 50-70 5-10 NP NP 6.0-20.0 | 0.05-0.07 6.6-7.3 | Low. 
0 95-100 95-100 70-90 50-60 40-50 10-20 0.6-2.0 0.20-0.22 6.6-7.8 | Moderate. 
0 98-100 95-100 90-100 70-80 40-50 25-30 0.6-2.0 0.15-0.19 6.6-7.8 | Moderate. 
(1) 65-90 60-80 20-45 2-5 NP NP 6.0-20.0 | 0.02-0.04 7.4-7.8 | Low. 
O sie 100 96-100 88-98 25-30 04 0.6-2.0 0.20-0.22 7.4-8.4 | Low. 
۳, 5: 100 96-100 88-89 20-30 0-3 0.6-2.0 0.20-0.22 7.4-8.4 | Low. 
0 100 98-100 95-100 85-95 60-65 20-25 0.20.6 0.18-0.22 6.1-7.3 | High. 
0 100 98-100 95-100 85-95 45-55 20-25 0.2-0.6 0.16-0.19 6.1-6.5 | High. 
Оа 100 98-100 95-98 50-65 25-35 0.2-0.6 0.110.15 6.1-6.5 | High. 
Е: 100 98—100 95-98 40-50 18-25 0.2-0.6 0.16-0.18 6.6-7.3 | High. 
45-70 65-85 60-80 55-75 30-45 10-40 0-15 0.6-2.0 0.06-0.12 7.4-8.4 | Low. 
40-70 65-85 60-80 55-75 20-35 10-30 0-10 0.6-2.0 0.04-0.09 7.9-8.4 | Low. 
0 85-100 75-100 50-60 85-55 20-30 5-10 2.0-6.0 0.13-0.20 6.6-7.3 | Low 
0 50-0 40-75 20-50 5-15 NP NP 6.0-20.0 | 0.03-0.05 6.6-7.3 | Low 
0 35-70 30-60 15-30 0-5 NP NP 6.0-20.0 | 0.02-0.04 7.4-7.8 | Том 
0 98-100 95-100 85-08 70-80 45-55 15-20 0.6-2.0 0.18-0.22 7.4-7.8 | Moderate. 
0 98-100 95-100 90-100 70-90 40-50 12-18 0.6-2.0 0.20-0.22 7.4-7.8 | Moderate. 
(1) 90-100 75-5 60-0 35-45 25-80 5-15 2.0-6.0 0.11-0.14 7.4-7.8 | Moderate. 
(1) 95-100 90-98 80-95 60-75 35-40 12-20 0.6-2.0 0.12-0.19 7.4-7.8 | Moderate. 
О 2ا‎ 100 98-100 95-00 NP NP 0.6-2.0 0.20-0.24 6.6-7.3 | Low. 
Өз [Ai rte 100 98-100 95-100 40-60 15-20 0.2-0.6 0.16-0.22 6.6-7.3 | High. 
0. Las m 100 95-100 90-100 45-00 20-30 0.2-0.6 0.16-0.19 6.6-7.3 | High. 
0-5 90-100 90-100 60-75 45-55 25-40 4-10 0.6-2.0 0.20-0.22 5.6-6.0 | Low. 
0-5 90-100 90-100 50-70 35-50 20-30 2-8 6-2.0 0.17-0.19 6.1-7.3 | Low. 
0 95-100 90-0 75-5 50-60 25-30 2-4 0.6-2.0 0.20-0.22 6.6-7.3 | Moderate. 
0-5 95-100 90-100 75-85 50-60 25-30 3-6 0.6-2.0 0.17-0.19 6.1-6.5 | Moderate. 
0-5 95-100 95-100 80-90 40-45 40-50 18-25 0.6-2.0 0.16-0.18 6.1-6.5 | Moderate. 
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Depth to— Depth Classification 
Soil series and map symbols from USDA texture 
Bedrock | Seasonal high | surface Unified AASHO 
water table 
Feet Feet Inches 
Dakota: DaA_-.----------__------ >10 >10 0-27 | LOAM CL or ML A-6 or A-4 
27-35 | Sandy Лоа __________ SM or SC А-4 
35-45 | Sand, with loamy sand! SM А-2-4 
bands. 
45-60 | Gravelly coarse sand___| SP А-1 
Derinda: DeC9, Веб пп. 2-3 (3) 0-7 |Siltloam............. ML А-4 
7-19 | Siltloam. ....... CL or MH А-6 or А-7 
19-24 | Silty clay loam________ CH A-7 
24-45 | Clay (вћаје)._________ CH or MH А-7 
Dickinson ОКА, ОКВ, DkC........ >10 >10 0-18 | Fine sandy loam______ SM A-2-4 or А-4 
18-32 | Fine sandy Јоата ______ SM ۸-24 
32-60 | Sand----------------- SM or SP À-2-4 or A-3 
Dodgeville: DoB, DoC9............ 2-3 (3) 0-9 | Silt юаап LL. ML А-4 
9-24 | Silt loam_____--_____- CL А-6 
24-29 | Clay----------------- СІ, ог СН A-7 
29 | Bedrock. 
Dubuque: DuB9, ОиС9, рир, 2-3 (3) 0-14 | Silt loam. ------------ ML А-4 
DuF. 14-28 | Silt loam_____________ CL A-6 
28-32 | Sandy clay. .......... CH A-7 
32 | Bedrock. 
Eleva: ЕВ, Еер______.___________ 3 (3) 0-9 | Sandy loam........... SM À-2-4 or А-4 
9-27 | Sandy loam........... SM-SC À-2-4 or А-4 
27-37 | Fine sand___.-___._-- SM А-2-4 
37 | Sandstone bedrock. 
Estherville: EsA, Е5С._____________- >10 >10 0-8 | Loam---------------- SM А-4 
8-22 | Sandy loam........... SM A-2-4 
22-45 | Gravelly coarse sand...| SP or SM А-1 
45-80 | Gravelly 9970 ----- GW, SW, or SP А-1 
Fairhaven: РаА_________________- >10 >10 0-22 | Silt loam. ...........- ML А-4 
: 22-33 | Loam__..--.-----_--- ML А-4 
33—60 | Gravelly coarse sand___| SW or SP А-1 
Frontenac: FrE, Frf--------------- 5-15 (3) 0-12 | Silt loam______._____- ML A-4 
12-30 | Silt loam___-_.___-__- ML А-4 
30-120 | Channery ог cobbly | SC or SM А-4 
flaggy loam. 
Gale: ОЗА.______.________________ 2-3 (3) 0-11 | Silt loam. ---------_-- ML А-4 
11-38 | Silt loam- ------------ ML А-4 or Á-6 
38—60 | Fine sand and sandstone, SP - 
Garwin: Gm, Ог--.--------------- >10 1-3 0-14 | Silty clay loam........ MH А-7 
14-20 | Silty clay loam___.___- CL А-7 
20-86 | Silt 10910-------- ML А-4 
Gotham: GtB, GtD---------------- 5-10 >10 0-36 | Fine sand------------ SM À-2-4 
36-43 | Loamy fine sand______ SM or SC А-4 
43-60 | Sand----------------- SP or SM А-2-4 
Houghton: Но, Hs... >10 1-3 0-72 | Muck (заре material).| Pt А-8 
Jays SOA ы Sees ees >10 >10 0-11 | Silt loam------------- ML А-4 
11-33 | Silt loam- _.____.___.. CL А-7 or A6 
33-63 | Silt loam. ML А-4 
63-70 | Loam_____________._ CL А-6 
Kasson: КаА-—-------------------- >10 210 0-9 | Siltloam............. ML А-4 
9-20 | Silty clay loam........ CL А-6 or А-7 
20-70 | Тома ------------- CL А-6 


See footnotes at end of table. 
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Coarse 
fraction Percentage of material less than 3 inches 
greater in diameter passing sieve— Liquid Plas- Perme- Available Reaction Shrink- 
than 3 limit ticity ability water swell 
inches in No. 4 No. 10 No. 40 No. 200 index capacity potential 
diameter | (4.7 mm) | (2.0 mm) | (0.42 mm) (0.074 mm) 
Percent Percent Inches per Inches per pH 
T inch of 
soil 
0 98-100 95-100 85-95 50-65 . 25-35 8-12 2.0-6.0 0.19-0.22 5.6-6.0 Moderate. 
0 95-100 90-95 85-95 40-60 20-0 2-8 2.0-6.0 0.14-0.16 5.1-5.5 | Low. 
0 90-5 85-90 60-75 25-35 15-30 2-6 2.0-6.0 0.05-0.07 1.6-6.0 | Low. 
(1) 80-95 60-90 30-50 2-5 КР КР 6.0-20.0 | 0.02-0.04 7.9-8.4 | Low. 
Ог ес بت رترب‎ meme 100 98-100 33-40 7-10 0.6-2.0 0.22-0.24 5.6-6.0 Moderate. 
0۰ We аи а spo aaye 100 98-100 35—42 12-20 0.6-2.0 0.20-0.22 5.6-6.0 | Moderate. 
0 100 100 98-100 95-100 50-55 25-30 0.2-0.6 0.13-0.16 5.6-6.0 High. 
(1) 100 90-100 85-90 80-90 65-70 35-40 | 0.06-0.2 0.10-0.14 5.6-6.0 | High. 
0 98-100 95-100 75-85 20-45 МР NP 2.0-6.0 0.16-0.18 5.6-6.0 | Low. 
0 98-100 95-100 75-85 20-35 МР МР 2.0-6.0 0.15-0.17 5.6-6.0 | Low. 
0 98-100 90-100 70-80 5-15 NP NP 6.0-20.0 | 0.05-0.07 5.6-6.0 | Low. 
O عم‎ 100 98-100 90-100 25-35 3-6 0.6-2.0 0.20-0.22 6.1-6.5 | Moderate. 
б; 5e 100 98-100 90-100 80-40 12-20 0.6-2.0 0.20-0.22 6.1-6.5 Moderate. 
0-10 90-100 90-100 90-100 75-90 40-55 20-0 0.2-0.6 0.10-0.14 7.4-7.8 | High. 
0: ی یبای‎ 100 98-100 95-100 30-35 6-10 0.6-2.0 0.22-0.24 5.6-6.0 | Moderate. 
Оо 100 98-100 95-100 35-40 12-18 0.6-2.0 0.20-0.22 5.1-5.5 Moderate. 
0-10 90-100 80-90 85-90 50-60 50-60 30-35 0.2-0.6 0.16-0.19 5.6-6.0 | High. 
0 95-100 95-100 85-95 30-45 NP NP 2.0-6.0 .16-0.18 5.6-6.0 | Low. 
0 95-100 95-100 85-95 30-45 20-30 2-8 2.0-6.0 0.15-0.17 5.6-6.0 Low. 
0 95-100 95-100 80-90 20-35 МР МР 2.0-6.0 0.06-0.08 5.1-5.5 | Low. 
0 90-100 80-90 50-70 35-45 25-40 5-10 2.0-6.0 0.20-0.22 5.6-6.0 Low. 
0 85-95 80-90 45-65 25-35 20-25 2-6 6.0-20.0 | 0.12-0.14 5.6-6.0 | Low. 
(1) 70-80 65-75 30-40 5-15 КР КР 5.0-20.0 | 0.03-0.05 6.6-7.8 | Low. 
5-25 35-80 30-70 20-30 2-5 NP NP 6.0–20.0 | 0.02-0.04 7.47.8 | Low. 
0 98-100 98-100 90-100 70-90 25-35 4-8 2.0-6.0 0.22-0.24 5.6-7.3 | Moderate. 
(1) 90-95 85-95 70-80 50-60 25-40 4-0 2.0-6.0 0.17-0.19 5.1-5.5 | Moderate. 
7-30 60-75 50-70 15-30 2-5 КР КР 6.0-20.0 | 0.02-0.04 5.6-6.0 | Low. 
0 98-100 90-100 70-0 60-0 30-40 5—0 0.6-2.0 0.20-0.24 6.1-7.3 | Low. 
98—100 90-100 70-100 60-90 30-40 5-0 0.6-2.0 0.17-0.22 6.1-6.5 | Low. 
40-70 65-85 60-80 55-5 35-0 30-40 5-10 2.0-6.0 0.04-0.10 7.47.8 | Low. 
0- m 100 98-100 90-98 NP NP 0.6-2.0 0.22-0.24 6.1-7.3 | Low. 
кетет» 100 98-100 90-98 80-40 6-12 0.6-2.0 0.20-0.22 5.1-5.5 | Moderate. 
(1) 95-100 95-100 80-90 1-5 NP NP 2.0-6.0 0.05-0.07 5.6-6.0 | Low. 
ЕКЕ ЕЕ БЕНЕН 100 95-100 55-65 20-25 0.2-0.6 0.18-0.22 6.6-7.8 High. 
ОЕ === гаас: 100 95-100 40—50 20-25 0.2-0.6 0.16-0.19 6.6-7.3 High. 
O ep 98-100 95-100 25-0 2-6 0.6-2.0 0.20-0.22 6.6-7.8 Moderate. 
0 100 98-100 55-5 20-0 NP NP 6.0-20.0 | 0.07-0.09 5.1-5.5 | Low. 
0 100 98-100 60-70 40-50 15-25 4-7 6.0-20.0 0.09-0.11 5.1-5.5 Low. 
0 100 98-100 50-60 5-15 КР КР 6.0-20.0 | 0.05-0.07 5.6-6.0 | Low. 
0 за Ses ا یت تب ات سس ان‎ лв 2.06.0 0.350.48 7.47.8 Low. 
ЕН usa. st 98-100 98-100 30-40 5-10 0.6-2.0 0.22-0.24 6.1-7.3 Moderate. 
0 100 98-100 95-100 90-95 85—45 15-20 0.6-2.0 0.20-0.22 6.6-7.3 | Moderate. 
0 100 98-100 95-100 85-95 25-30 2-6 0.6-2.0 0.20-0.22 7.4-7.8 | Moderate. 
(1) 95-100 90-95 70-80 55-65 28-36 12-17 0.2-0.6 0.17-0.19 7.47.8 | Moderate. 
O ESS 100 95-100 80-95 35-40 5-10 0.6-2.0 0.22-0.24 6.1-6.5 | Moderate. 
0 100 98-100 92-98 80-95 35-45 15-25 0.6-2.0 0.16-0.19 5.1-6.0 | Moderate. 
(1) 95-100 90-100 85-95 65-80 25-35 10-15 0.2-0.6 0.17-0.19 5.1-7.8 | Moderate. 


84 SOIL SURVEY 


TABLE 6.— Estimated soil properties 


Depth to— Depth Classification 
Soil series and map symbols سس‎ from USDA texture | 
Bedrock | Seasonal high | surface Unified AASHO 


water table 


Feet Feet Inches 
*Kegonsa: КА, КЕО___________-_ >10 >10 0-21 | Silt loam- ------------ ML A-4 
For Fairhaven part of KFD, вее 21-29 | Silty clay loam________ CL or ML A-6 
Fairhaven series. 29-41 | Sandy loam........... SC A-2 
41-65 | Gravelly coarse sand...| SW or SM ۸-1 
Klinger: КпА--.-.----------------- >10 1-3 0-10 | Silty clay loam________ МГ ог CL А-7 
10-25 | Silty clay وم‎ ML ог CL А-7 
25-60 | Тоат... CL А-6 
Lawson: La________ >10 5-7 0-28 | Silt loam_________.__- ML А-4 
28-60 | Silkloam.____________ СІ, А-7 
Lilah: МА, ИВ یجیسب ی سب‎ >10 >10 0-7 | Sandy loam........... SM A-2-4 
7-20 | Loamy coarse sand. -| ӨМ А-2-4 
20-65 | Gravelly coarse sand...| SW or SP A-1-b 
Lindstrom: LnB, LnC, LnD........ >10 >10 0-29 | Silt loam.___________. ML A-4 
29-60 | Silt оата____________ ML A— or A-6 
60-70 | Loam. ML А-4 
Marlean: MaE, MaF____ 4-10 (3) 0-12 | Silt loam____________ ML A4 
12-60 | Flaggy sandy юап ____| SM A-2 
Marsh: МАа.________.______________ 0—3 
No reliable estimates сап be 
made. Material too variable. 
Maxfield: Mf, Мо---.------------- >10 1-3 0-16 | Silty clay loam________ MH A-7 
16-34 | Silt loam_____.______- CL А-7 
34-70 | Тоат_______________ CL ۸-6 
MePaul: Мр...------------------- <10 5-7 0-30 | Silt Лоат____________- ML А-4 
30-58 | Loam and silt loam____| ML А-4 
Mt. Carroll: 
МГА, MrB, МгС®____.--__._-_-- >10 >10 0-12 | Siltloam_____________ ML А-4 
12-33 | Silt loam. ...........- ML or CL А-4 ог А-6 
33-83 | Silt оат.____________ ML А-4 
МХА sess dase saa a >10 >10 0-9 | Silt وم‎ -----.------ ML А-4 
9-48 | Silt ]оат____________- ML or CL А-4 or А-6 
48-60 | Запд._______________ SP ог SM А-2-4 
Orion: Оги >10 1-3 0-26 | Silt loam_____________ ML A4 
26—60 | Silt loam- ------------ CL . А-7 
Ostrander: ОКВ, ОК9 .____._____. >10 >10 0-15 | Silsloam_____________ ML А-4 
15-41 | Loam CL ог ML А-6 
41-65 | Тола. ----- --- ML ог CL А-6 
Plainfield: PaB, Ра, در‎ >10 >10 0-5 | Loamy вапа_________- вм А-2-4 
5-65 | Sand... l ----- БР or SM А-2-4 ог А-8 
Port Вугоп: 
PbA, РЬВ, РЬС9 1...1... >10 >10 0-19 | Siltloam_____________ ML А-4 
19-40 | Silt loam. ............ ML or CL А-6 ог А-4 
40-65 | Silt loam___.________ ML А-4 
Реле usuy зс >10 >10 0-18 | Silt loam. ____________ ML А-4 
18-58 | Silt оат____________ МГ, ог СТ, А-6 
58-65 | Запа_._______________ SP or SM А-2-4 
Racine: RaB, RaC, RaC9, Вар? 0 >10 0-11 | Siltloam_____________ ML А-4 
ВаЕ. 11-23 | Silt loam. ............ ML or CL А-6 
23-60 ۲ Loam_______._________ СТ, ВС, SM, ог МТ, | А-6 ог А-4 


Зее footnotes at end of table, 


significant in engineering—Continued 
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Coarse 
fraction Percentage of material less than 3 inches "m 
greater in diameter passing sieve— Liquid Plas- Perme- Available Reaction Shrink- 
than 3 limit ticity ability water swell 
inches in №. 4 No. 10 No. 40 No. 200 index capacity potential 
diameter | (4.7 mm) | (2.0 mm) | (0-42 mm)|(0.074 mm) 
Percent Percent Inches per Inches per pH 
hour inch of 
вой 
0 100 98-100 90-95 80-85 30-40 5-10 0.6-2.0 0.22-0.24 5.6-6.5 Moderate. 
ТЕКТЕН 100 98-100 85-95 30-40 10-15 0.6-2.0 0.16-0.18 5.1-5.5 Moderate. 
0 98-100 75-85 60-70 25-35 20-25 7-12 2.0-6.0 0.11-0.13 5.1-5.5 Low. 
(1) 85-90 60-70 25-0 5-10 NP NP 6.0-20.0 0.02-0.04 6.6-7.8 Low. 
(у ee 100 95-100 40-50 19-20 0.6-2.0 0.18-0.22 5.6-6.5 Moderate. 
а 100 98-100 92-100 40-50 10-20 0.6-2.0 0.16-0.19 5.1-5.5 Moderate. 
0 98-100 96-98 90-95 65-70 30-35 12-20 0.2-0.6 0.17-0.19 6.6-7.8 | Moderate. 
ОЗЕ ی‎ ш] 98-100 98-100 30-40 5-10 0.6-2.0 0.22-0.24 6.6-7.3 Moderate. 
0 100 98-100 95-100 90-100 40-45 15-20 0.6-2.0 0.20-0.22 6.6-7.8 Модега е. 
0 95-100 90-95 55-65 25-85 20-25 2-4 2.0-6.0 0.13-0.15 6.1-6.5 Low. 
0 95-100 85-95 40-60 10-20 NP NP | 6.0->20.0 0.09-0.11 5.6-6.5 Low. 
5-10 90-95 75-85 35-45 2-5 NP МР | 6.0->20.0 0.02-0.04 5.6-7.8 Low. 
02 [suc رس‎ 100 98-100 90-95 34-40 5-10 0.6-2.0 0.22-0.24 5.6-6.5 Moderate. 
Ө; |2655 100 98-100 90-95 35-40 9-13 0.6-2.0 0.20-0.22 5.6-6.5 | Moderate. 
0 100 95-100 75-85 50-60 25-28 0—4 0.6-2.0 0.20-0.22 6.6-7.8 | Moderate. 
0 98-100 95-100 85-90 80-90 35-40 5-10 2.0-6.0 0.22-0.24 7.4-7.8 Low. 
50-70 65-85 60-80 55-75 30-35 20-25 24 6.0-20.0 0.06-0.08 7.4-8.4 Low. 
0 100 98-100 95-100 89-95 60-65 20-25 0.6-2.0 0.18-0.22 6.6-7.3 High. 
0 100 98-100 98-100 92-95 40-45 20-23 0.6-2.0 0.20-0.22 7.4–7.8 Moderate. 
0 98-100 90-95 85-90 55-60 30-35 12-17 0.2-0.6 0.17-0.19 7.4-7.8 Moderate. 
(UE кене тиан کتک‎ ои 100 98-100 NP NP 0.6-2.0 0.20-0.24 7.4-7.8 Moderate. 
O eiie 100 90-100 85-95 КР КР 0.6-2.0 0.17-0.19 7.4-7.8 Moderate. 
0 [mee 100 98-100 98-100 30-40 5-10 0.6-2.0 0.22-0.24 5.6-7.3 Moderate. 
O. [esas са 100 98-100 93-100 30-40 5-15 0.6-2.0 0.20-0.22 5.6-6.0 Moderate. 
0. | ов не 100 98-100 75-100 25-35 0-5 0.6-2.0 0.20-0.22 5.6-7.8 Moderate. 
Ov а 100 98-100 98-100 30—40 5-0 0.6-2.0 0.22-0.24 5.6-7.3 Moderate. 
Dr هت ها‎ шг 100 95-100 95-100 30-40 5-15 0.6-2.0 0.20-0.22 5.6-6.0 Moderate. 
0 98-100 90-100 70-80 5-12 NP NP 6.0-20.0 | 0.05-0.07 5.6-6.0 | Low. 
0: Че 100 98-100 95-100 25-35 0-5 0.6-2.0 0.22-0.24 7.4-7.8 Low. 
О |= 100 95-100 90-100 40-45 20-25 0.6-2.0 0.22-0.24 7.4-7.8 Moderate. 
Ü: ا‎ 100 94-98 70-80 30-85 6-9 0.6-2.0 0.21-0.24 6.1-7.3 Moderate. 
0 98-100 92-96 87-95 55-65 35-40 10-20 0.6-2.0 0.17-0.19 5.6-6.5 Moderate. 
0 98-100 94-97 80-85 50-60 20-40 10-20 0.6-2.0 0.17-0.19 7.4-7.8 | Moderate. 
O و‎ 100 55-85 5-20 NP NP 6.0-20.0 0.10-0.12 5.1-5.5 Low. 
0 100 98-100 50-80 0-15 КР NP 6.0-20.0 0.05-0.08 5.6-7.3 Low 
0. ریت یط‎ 100 98-100 95-100 30-35 5-10 0.6-2.07| 0.20-0.24 5.6-7.3 | Low 
0: Eases 100 98-100 95-100 35-40 5-15 0.6-2.0 0.20-0.22 5.6-6.5 Low. 
О | یب تسه‎ та 100 78-100 88-95 30-35 5-0 0.6-2.0 0.20-0.22 6.6-7.8 | Low. 
ЕЕ 100 98-0 95-0 30-35 5-10 0.6-2.0 0.22-0.24 5.6-7.3 Low 
Qaam 100 98-100 95-100 30-40 10-15 0.6-2.0 0.20-0.22 5.6-6.5 Low. 
0 98-100 90-100 70-0 0-5 NP NP 6.0-20.0 0.05-0.07 6.1-6.5 Low. 
0 100 98-100 90-95 70-85 30-35 5-10 0.6-2.0 0.22-0.24 6.1-7.3 Moderate. 
0 100 98-100 90-95 75-85 85-40 10-15 0.6-2.0 0.20-0.22 5.1-6.0 | Moderate. 
(1) 85-100 80-98 70-85 45-65 25-40 6-20 0.6-2.0 0.17-0.19 5.1-7.8 | Moderate. 
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TABLE 6.— Estimated soil properties 
Depth to— Depth Classification 
Soil series and map symbols from USDA texture 
Bedrock | Seasonal high | surface Unified AASHO 
water table 
| Feet Feet Inches 
Radford: Ка.____.___......_____- >10 5-7 0-26 | Silt loam------------- ML А-4 
26-60 | Silt loam_.________._- CL A-6 
Salida: SaB, 98] دی‎ >10 >10 0-8 Gravelly loamy coarse | SM А-2-4 or А-1 
sand. 
8-38 | Gravelly coarse sand...| SW-SM А-1 
38—60 | Огауе]._.__________-- SW ог GW А-1 
*Schapville: ScC, ScD, SdE.......... 2-4 (3) 0-8 | Silty clay Јоат_.______ ML or CL А-5 or A-7 
For Sogn part of SdE, see Sogn 8-14 | Silty сау------------ „| МН or ML А-7 
series. 14-45 | Clay (вћаје)__________ MH or CH A-7 
*Seaton: SFA, SFB, SfC2, SfDe, SFE, >10 >10 0-18 | Silt loam............. ML А-4 
ShCe, ShD2, 5ҺЕ, 5 КСО, $ кое, 18-45 | Silt loam............. CL А-6 
SIE. 45-70 | Silt loam_____.--____- ML or CL A-4 
For Kegonsa or Lilah part of 
SkC9 ог SkD9, see Kegonsa 
series or Lilah series. For Bold 
or Timula part of SIE, see Bold 
series or Timula series. 
Shullsburg: SmC.................. 3-4 (3) 0-13 | Silty clay 10910 MH or OH A-7 
13-50 | Clay----------------- MH or CH А-7 
50-60 | Shale (soft)----------- МН or CH A-7 
Skyberg: Sn_____ >10 1-3 0-12 | Silt юат------------- МГ ог CL А-4 or А-6 
12-22 | Silty clay loam_______. CL А-6 or A-7 
22-66 | Loam---------------- CL A-6 
*Sogn: SoD 1-14 (3) 0-6 | Flaggy loam.......... SM or SC А-4 
For Copaston part of SoD, see 6-16 | Flaggy loam.......... SC or CL À-6 
CvB and CvC2 in Copaston 16 | Limestone. 
series. 
Sparta: $рА---------------------- >10 >10 0-19 | Loamy ѕапа_......_.- SM А-2-4 
19-60 | Coarse sand. ......... SM or 8P À-2-4 or А-8 
Terril: TeB, Тес, TeD............. 5-10 >10 0-10 | Sandy loam........... SM A-2-4 
10-28 | Loam---------------- CL A-6 
28-34 | Clay loam_____._.-... CL A-6 or A-7 
34-68 | Sandy loam----------- SM or 8C -4 
68-70 | Fine sand... ......... SM А-2-4 
*Timula: TmB, TmC, ToD.......... >10 >10 0-12 | Silt loam_____________ ML А-4 
For Bold part of ToD, see Bold 12-103 | Silt loam............. ML А-4 
series. 
Vasa: \М/аА.----------------------- >10 >10 0-13 | Silt Лоата_________.___ МТ, А-4 
13-42 | Silt loam. با‎ CL А-6 
42-60 | Тоаш----.----------- ML А-4 
60-65 | Loam---------------- CL А-6 
Waukegan: WaA.................. 210 >10 0-13 | Siltloam_____________ ML А-4 
13-33 | Silt ]оаш----.-------- CL ог ML А-6 
33-50 | Gravelly coarse sand...| SW or SP А-1 
Whalan: WhB,WhC2,WsB, WsC9, | 112-314 (3) 0-9 | Silt وم[‎ ML А-4 
WsD9, WsE. 9-22 | Silt юаш------------- МГ ог CL А-6 
22-38 | 10810------- CL А-6 
38 | Bedrock. 
Zumbro: Zu ---------------- >10 5-10 0-50 | Loamy sand. ......... SM А-2-4 
50-60 | Запа____.__.________- SP or SM А-2-4 ог A-3 
1 Trace. 


2 NP = Nonplastic. 
3 Water table in bedrock. 
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Coarse 
fraction Percentage of material less than 3 inches 
greater in diameter passing sieve— Liquid Plas- Perme- Available | Reaction Shrink- 
than 3 limit ticity ability water swell 
inches in №. 4 No. 10 No. 40 No. 200 index capacity potential 
diameter | (4.7 mm) | (2.0 mm) | (0.42 mm) (0.074 mm) 
Percent Percent Inches per Inches per »H 
hour inch of 
soil 
Оа nee 100 95-100 25-30 24 0.6-2.0 0.22-0.24 6.6-7.3 | Moderate. 
Dune 100 95-98 30-35 10 15 0.6-2.0 0.20-0.22 6.6-7.3 | Moderate. 
(1) 80-90 65-80 30-55 12-20 КР ХР >20.0 0.07-0.09 7.4-7.8 Low. 
(1) 70-80 65-70 30-40 5-15 NP NP >20.0 0.03-0.05 7.4-7.8 | Low. 
15-40 40-60 35-50 20-30 2-5 NP NP 220.0 0.02-0.04 7.4-7.8 | Low. 
0 100 98-100 95-98 70-5 40-45 8-15 0.06-0.20 0.18-0.22 6.1-6.5 High. 
0 100 95-100 85-98 60-80 40-60 20-30 0.06-0.20 0.16-0.19 6.1-6.5 High. 
OF |, ыы мада 100 97-100 90-95 60-80 30-40 0.06-0.20 0.10-0.14 6.1-8.4 High. 
О 100 98-100 30-40 5-10 0.6-2.0 0.22-0.24 5.6-6.5 Low. 
On | کب شرب کی‎ | маға = 100 98-100 30-40 10-20 0.6-2.0 0.20-0.22 5.1-5.5 Moderate. 
E once ss ен 98-100 95-100 25-5 4-9 0.6-2.0 0.20-0.22 6.1-7.8 | Low. 
0 100 98-100 90-95 65-0 50-55 15-20 0.2-0.6 0.18-0.22 5.15.5] High. 
0 100 98-100 97-100 80-85 55-60 25-30 0.06-0.20 0.10-0.14 5.1-6.0 High. 
Où [aseo 98-100 97-100 90-95 60-80 30-40 | 0.06-0.20 | 0.09-0.13 7.4-7.8 | High. 
O° |. هی‎ 100 98-100 95-100 30-40 8-15 0.6-2.0 0.22-0.24 5.1-6.5 Moderate.’ 
О lus 100 98-100 95-100 35-45 20-25 0.6-2.0 0.20-0.22 5.1-5.5 Moderate. 
0 95-100 90-100 82-88 60-70 25-35 15-20 0.2-0.6 0.17-0.19 5.1-7.8 Moderate. 
20-0 45—70 65-85 60-80 35-50 20-40 5-10 0.6-2.0 0.08-0.12 7.9-8.4 Low. 
40-70 45-70 65-85 60-80 40-5 30-40 10-15 0.6-2.0 0.06-0.12 7.9-8.4 Low. 
0 98-100 90-100 70-80 20-25 КР NP. 2.0-6.0 0.07-0.09 5.1-5.5 | Low. 
0 95-100 85-90 40-60 5-10 NP NP >20.0 0.02-0.05 5.6-6.0 Low. 
0 95-100 90-95 55-65 25-30 20-30 2-4 2.0-6.0 0.13-0.15 6.1-6.5 Low. 
0 100 98-100 80-90 50-55 25-35 10-15 0.6-2.0 0.17-0.19 5.6-6.0 Low. 
0 100 98-100 95-100 90-95 35-45 15-20 0.6-2.0 0.20-0.22 5.6-6.0 Moderate. 
0 95-100 85-90 45-65 15-30 20-0 2-8 0.6-2.0 0.11-0.16 5.6-6.0 Low. 
0 95-100 90-95 80-90 10-20 NP NP 2.0-6.0 0.05-0.07 5.6-6.0 Low. 
O: Ее 100 99-100 98-100 КР NP 0.6-2.0 0.22-0.24 6.6-7.3 | Том. 
Өс مش یعس‎ 100 99-100 95-100 МР МР 0.6-2.0 0.20-0.22 6.6-7.8 Low. 
ОЕ 100 100 95-100 32-38 5-10 0.6-2.0 0.22-0.24 6.6-7.3 “OW. 
0 Це 100 100 95-100 35-40 12-17 0.6-2.0 0.200.22 6.1-7.3 Moderate. 
0 100 98-100 85-95 75-85 25—30 3-6 0.6–2.0 0.20-0.22 6.6-7.3 Том. 
0 90-100 90-95 70-90 55-75 25—40 10-20 0.2-0.6 0.17-0.19 6.6-7.3 Moderate. 
— I PR 100 95-100 85-95 30-35 5-10 0.6-2.0 0.22-0.24 6.1-6.5 "Low. 
222 Е oes aoe 100 95-100 85-95 30-40 10-15 0.6-2.0 0.20-0.22 6.1-6.5 Low. 

(1) 80-90 70-80 40-50 3-10 NP NP 6.0-20.0 0.03-0.06 6.6-7.8 Low. 
RS 100 98-100 96-98 70-75 30-35 5-10 0.6-2.0 0.22-0.24 5.6-6.5 Moderate. 
ЕН 100 98-100 |. 96-98 75-80 30—40 10-15 0.6-2.0 0.20-0.22 5.1-5.5 Moderate. 

(1) 95-100 95-98 70-75 55-65 25-30 10-15 0.6-2.0 0.17-0.19 5.1-5.5 | Moderate. 
| ын 90-100 90-100 60-90 15-30 NP NP 6.0-20.0 0.10-0.12 6.6-7.8 Low. 
Шашбал ашыса 80-100 70-90 50-70 5-15 NP NP 6.0-20.0 | 0.06-0.08 6.6-7.8 | Low. 
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Soil series 
and 
map symbols 


Alluvial land: 

Af. S. Su ss = ss 
ی‎ ЕНИ 

Alvin: AvA....... 

Ankeny: AxA..... 

Bellechester: 

Billett: 
ВЫВ.----<ь---сез 
BbC сс дом 

Biscay: Bc........ 


SOIL SURVEY 


TABLE 7.—Engineering 
[An asterisk in the first column indicates that at least one mapping unit in this series is made up of two or more kinds of soil that may have 


in the 


Degree and kind of limitation for— 


BaF.... 


Septic tank Dwellings Local roads 
absorption Sewage lagoons Shallow with Sanitary and 
field excavations basements landfill! streets 
Severe: subject | Severe: subject | Severe: subject | Severe: subject | Severe: subject | Severe: subject 
to flooding. to flooding. to flooding. to flooding. to flooding. to flooding. 
Severe: subject | Severe: subject | Severe: subject | Severe: subject | Severe: subject | Severe: subject 
to flooding. ? to flooding. to flooding. to flooding. to flooding. to flooding. 
Slight 2. ___ Severe: rapid Slight- ---------- Slight. Severe: rapid Moderate: high- 
permeability permeability ly erodible in 
in substratum. 1n substratum. deep cuts. 
Severe: subject | Severe: moder- | Severe: subject | Severe: subject | Severe: rapid Moderate: sub- 
to flooding. ? ately rapid to occasional to occasional permeability ject to осса- 
permeability. floodmg. flooding. In substratum; sional flooding; 
subject to oeca- medium shear 
sional flooding. strength. 
Severe: very Severe: very Severe: very Severe: very Severe: very Severe: very 
steep slopes; steep slopes; steep slopes; steep slopes; steep slopes; steep slopes; 
bedrock at bedrock at bedrock at bedrock at bedrock at bedrock at 
depth of 40 to depth of 40 to depth of 40 to depth of 40 to depth of 40 to depth of 40 to 
70 inches. 70 inches. 70 inches. 70 inches. 70 inches. 70 inches. 
Moderate: bed- | Severe: rapid Slight__________. Slight... ----| Severe: moder- | Slight........... 
rock at depth permeability ately rapid per- 
of 5 to 10 feet. in substratum. meability, rapid 
in substratum; 
limestone bed- 
rock in lower 
part of sub- 
stratum. 
Moderate: Severe: slopes; | Moderate: Moderate: Severe: moder- | Moderate: 
slope; bedrock rapid permea- slope. slope. erately rapid slope. 
at depth of 5 bility in sub- permeability; 
to 10 feet. 2 stratum. rapid permea— 
bility below 
depth of 3 feet; 
limestone bed- 
rock in lower 
part of sub- 
stratum. 
Severe: sea- Severe: sea- Severe: sea- Severe: sea- Severe: sea- Severe: sea- 


sonally high 
water table at 
depth of 1 foot 
to 3 feet. 


See footnotes at end of table. 


sonally high 
water table at 
depth of 1 foot 
to 3 feet; 
rapid per- 
meability in 
substratum. 


sonally high 
water table at 
depth of 1 foot 
to 3 feet. 


sonally high 
water table at 
depth of 1 foot 
to 3 feet. 


sonally high 
water table. 


sonally high 
water table; 
high suscepti- 
bility to frost 
action. 


interpretations of soils 
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different properties and limitations. For this reason it is necessary to follow carefully the instructions for referring to other series that appear 


first column] 


Suitability as source of— 


Soil features affecting — 


Pond Embankments, Drainage of 
Road fill Sand Topsoil reservoir dikes and cropland 
areas levees and pasture 

Poor to fair: Unsuited. ..... Fair to poor: Subjeet to Variable........| Outlets are dif- 
variable; variable; flooding. ficult to ob- 
needs onsite needs onsite tain; needs 
inspection. inspection. surface drain- 

age; subject to 
flooding. 

Poor to fair: Fair: needs Fair to poor: Possible site Medium to high | Well drained... 
variable; onsite variable; of pit pond; permeability 
needs onsite inspection. needs onsite rapid per- when com- 
inspection. inspection. meability. pacted; piping 

hazard; fair 
to good com- ` 
paction 
character- 
istics. 

Fair to good...| Good: 4feet | Fair: thin Rapid permea- | Fair compaction | Well drained... 

overburden. surface bility in sub- characteris- 
layer stratum. tics; medium 
to high per- 
meability 
when com- 
ра ед. 

Fair to good: Fair: amount | Good.. ....... Water table at | Fair to good Well drained... 
fair compac- and quality depth of 5 to compaetion 
tion charac- need to be 7 feet; mod- characteris- 
teristics. evaluated. erately rapid ties; high per- 

permeability. meability 
when com- 
pacted. 

Poor: poor Poor to fair: Poor: sandy Rapid permea- | Very steep Excessively 
compaction sandstone topsoil; very bility on foot slopes; high drained. 
characteris- bedrock at steep slopes. slopes; sand- permeability 
tics; bedrock depth of 40 stone bedrock when com- 
at depth of to 70 inches; at depth of 40 pacted; medi- 

40 to 70 very steep to 70 inches. um to high 
inches; very slopes. susceptibility 
steep slopes. to piping. 

Good... ----- Good: needs | Fair: thin Moderately High compacted | Well drained... 

onsite in- surface rapid per- permeability ; 

spection. layer. meability. fair compac- 
tion character- 
istics. 

Good.......... Good. ........ Fair: slopes; | Moderately High compacted | Well drained... 

thin surface rapid per- ermeability ; 

layer. meability. air compac- 
tion char- 
acteristics. 

Fair: sea- Good: sea- Poor: веа- Seasonally high | Medium to low | Seasonally high 
sonally high sonally high sonally high water table; compacted water table 
water table; water table; water table. rapid permea- permeability at depth of 1 
moderate quantity and bility m In upper ma- foot to 3 feet; 
shrink-swell quality of substratum. terial; fair rapid permea- 
potentia]. sand compaction bility in sub- 

variable. characteris- stratum; 
tics; gravelly sloughing and 
sand sub- caving 
stratum. hazard. 


Irrigation 


Variable; sub- 


ject to 
flooding. 


Subject to 


flooding. 


Moderate to 


high available 
water capac- 
ity. 


Moderate avail- 
able water 
capacity. 


Slopes too steep 
in most 
places. 


Low and mod- 
erate available 
water ca- 
pacity. 


Low and mod- 
erate avail- 
able water 
capacity. 


Poorly drained; 
moderate 
available 
water ca- 
pacity. 


Terraces 
and 
diversions 


Subject to 


flooding; 
nearly 
level. 


Subject to 


flooding. 


Nearly level. 


Nearly level. 


Slopes too 


steep in 
most 
places. 


Sand at depth 


of 30 to 40 
inches; 
moderately 
rapid per- 
meability. 


Sand at depth 
of 30 to 40 
inches; 
moderately 
rapid per- 
meability. 


Nearly level. 
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SOIL SURVEY 


TABLE 7.—Engineering interpretations 


Degree and kind of limitations for— 


Soil series 
and Septic tank 
map symbols absorption Sewage lagoons Shallow 
field excavations 
Bold: 
Bold part of ToD...| Severe: slope...| Severe: slope...| Severe: slope; 
highly erodible. 
Bold part of SIE....| Severe: slope...| Severe: slope...| Severe: slope... 
Bremer: | Bm........ Severe: water Severe: water Severe: water 
table at depth table at depth table at depth 
of 1 foot to 4 of 1 foot to 4 of 1 foot to 4 
feet; subject feet; subject feet; subject 
to flooding. to flooding. to flooding. 
*Brodale: Severe: very Severe: very Severe: very 
Во Е, Во Е. steep slopes; steep slopes. steep slopes; 
For Sogn part bedrock at bedrock at 
of BoE and depth of 50 to depth of 50 to 
Bo F, see 80 inches. 80 inches. 
Sogn series. 
Burkhardt: | BrA..... Slight?2__________ Severe: rapid Slight----------- 
permeability 
in substratum. 
Canisteo: Ca........ Severe: season-. | Severe: season- | Severe: season- 
ally high water ally high water ally high water 


table at depth 
of 2 to 4 feet. 


Chaseburg: ChA..... Severe: subject 


to flooding. 


Colo: Co............ Severe: season- 
ally high water 
table at depth 
of 1 foot to 3 
feet; moder- 
ately slow рег- 


meability. 


See footnotes at end of table. 


table at depth 
of 2 to 4 feet. 


Severe: subject 
to flooding; 
ML material; 
medium com- 
pacted рег- 
meability. 


Severe: season- 
ally high water 
table at depth 
of 1 foot to 3 
feet; subject 
to flooding. 


table at depth 
of 2 to 4 feet. 


Severe: subject 
to flooding. 


Severe: season- 
ally high water 
table at depth 
of 1 foot to 3 
feet; subject 
to flooding. 


Dwellings Local roads 
with Sanitary and 
basements landfill! Streets 

Severe: slope; Moderate: Severe: highly 
highly erodible. slopes of more erodible in 

than 10 per- cuts; slope. 
cent; highly 
erodible. 

Severe: slope; Severe: slope; Severe: slope; 
highly erodible. highly erodible. highly erodible. 

Severe: water Severe: water Severe: water 
table at depth table at depth table at depth 
of 1 foot to 4 of 1 foot to 4 of 1 foot to 4 
feet; severe feet; subject feet; subject 
frost action; to flooding. to flooding; 
subject to severe frost 
flooding. action; low 

bearing capac- 
ity. 

Severe: very Severe: very Severe: very 
steep slopes; steep slopes; steep slopes. 
bedrock at bedrock at 
depth of 50 to depth of 50 to 
80 inches, 80 inches. 

Ви ss Ñevere: rapid Slight..________. 

permeability 
in substratum. 

Severe: season- | Severe: season- | Severe: season- 
ally high water ally high water ally high water 


table at depth 
of 2 to 4 feet; 
frost action 
potential. 


Severe: subject 
to flooding. 


Severe: season- 
ally high water 
table at depth 
of 1 foot to 3 
feet; subject 
to flooding. 


table at depth 
of 2 to 4 feet. 


Severe: subject 
to flooding. 


Severe: season- 
ally high water 
table at depth 
of 1 foot to 3 
feet; subject 
to flooding. 


table at depth 
of 2 to 4 feet; 
high suscepti- 
bility to frost 
action. 


Severe: subject 
to flooding. 


Severe: season- 
ally high water 
table at depth 
of 1 foot to 3 
feet; subject 
to flooding and 
frost action; 
low bearing 
values. 
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of soils—Continued 


Suitability as source of— 


“Soil features affecting— 


Pond Embankments, Drainage of Terraces 
Road fill Sand Topsoil reservoir dikes and cropland Trrigation and 
areas levees and pasture diversions 

Fair: erod- Unsuited. ..... Poor: less Possible site of | Subject to pip- | Well drained....| Too steep for Subject to 
ible; requires than 8 pit pond; sub- ing; requires irrigation; iping; 
close control inches of Jeet to piping; close control highly highly 
of compac- : suitable ma- highly erod- of compac- erodible. erodible. 
tion; slope. terial; slope. ible. tion; medium 

compacted 
permeability. 

Foor: highly | Unsuited...... Poor: less Possible site of | Subject to pip- | Well drained....| Too steep for Subject to 
erodible; re- than 8 pit pond; pip- ing; requires irrigation; piping; too 
quires close inches of ing azard; close control highly steep slope; 
control of suitable ma- highl of compac- erodible. erodible. 
compaction; terial; slope. erodible. tion; medium 
slope. compacted 

permeability. 

Poor: high Generally un- | Fair: mate- Possible site Low to medium | Very poorly Very poorly Nearly level. 
shrink-swell suitable; rial partly of pit pond; compacted drained; drained. 
potential; some sources affected b moderately permeability; difficult to 
water table ssible water table; slow permea- fair to poor obtain out- 
at depth of 1 elow depth texture. bility; water compaction lets; moder- 
foot to 4 of 6 feet. table at depth characteris- ately slow 

- feet; poor of 1 to 4 feet. tics. permeability. 
workability; 
high compres- 
sibility. 

Poor: bedrock | Unsuited. ..... Unsuited. ..... Potential place- | Too steep in Excessively Тоо steep in Too steep in 
at depth of 50 ment of reser- most places. drained. most places; most places; 
to 80 inches; voirs along rock at depth rock at 
slope; high lower slopes; of 50 to 80 depth of 50 
strength ma- moderately inches. to 80 
terials; about slow permea- inches. 

15 to 20 per- ability. 
cent stones. 

Good________.. Good. ........ Poor: thin Rapid permea- | High compacted | Not needed; Shallow root Nearly level; 

topsoil. bility in sub- permeability; somewhat ex- Zone; moder- generall 
stratum. good compac- cessively ately rapid not needed. 
tion charac- drained. permeability. 
teristics. 

Poor: Unsuited_____ Fair: con- Possible site of | Low to medium | Moderate per- Poorly drained; | Nearly level; 
moderate tains free pit pond; sea- compacted meability; high avail- generally 
shrink-swell lime; sea- sonally high rmeability ; poorly able water not needed. 
potential; sonally high water table at air compac- drained. capacity. 
high compres- water table depth of 2 to tion charac- 
sibility. at depth of 4 feet; mod- teristics. 

2 to 4 feet. erately slow 
permeability. 

Fair: medium | Unsuited. ..... Good. ........ Usual location Medium to low | Well drained____| Not needed; In drainage- 
shear for dam; compacted | very high ways; gen- 
strength; moderate per- rmeability; available erally not 
fair compac- meability ; Bir compac- water needed. 
tion charae- subject to tion charac- capacity. 
teristics; re- piping and teristics; sub- 
quires close silting. ject to piping. 
control. 

Poor: high Unsuited. ..... Poor: Possible site Poor compaction) Outlets may be | Poorly drained; | Nearly level 
shrink-swell potential of pit pond; characteris- difficult to very high dramage- 
potential; low water table subject to tics; fair to establish; available Ways; gen- 
shear when a flooding; poor shear moderately water erally not 
strength; source is moderately strength. slow per- capacity. needed. 
high compres- needed. slow per- meability. 
sibility; poor meability. 
compaction 
characteris- 


tics. 
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SOIL SURVEY 


TABLE 7.—Engineering interpretations 


Degree and kind of limitations for— 


Soil series — 
and ` Septic tank Dwellings Local roads 
map symbols absorption Sewage lagoons Shallow with Sanitary and 
field excavations basements landfill! streets 
Copaston: 

ev В, CvC9.........| Severe: shallow | Severe: shallow | Severe: shallow | Severe: shallow | Severe: shallow | Severe: shallow 

to bedrock. to bedrock; to bedrock. to bedrock. to bedrock. to hard and 
slope. somewhat frac- 
tured bedrock. 

CwB, CwC2....... Severe: bedrock | Severe: bedrock | Severe: bedrock | Severe: bedrock | Severe: bedrock | Moderate: bed- 
at depth of 20 at depth of 20 at depth of 20 at depth of 20 at depth of 20 rock at depth 
to 40 inches. to 40 inches. to 40 inches. to 40 inches. to 40 inches. of 20 to 40 

inches; hard 
and somewhat 
fractured. 
Dakota: DaA....... Slight2_________. Severe: rapid Slight........... Slight_____...__- Severe: rapid Slight----------- 
rmeability rmeability 
in substratum. in substratum. 
Derinda: 

DeC2-------------- Severe: shale Severe: shale Severe: shale Severe: shale Severe: shale Severe: shale 
bedrock at bedrock at bedrock at bedrock at bedrock at bedrock at 
depth of 20 to depth of 20 to depth of 20 to depth of 20 to depth of 20 to depth of 20 to 
40 inches; slow 40 inches; 40 inches. 40 inches; high 40 inches. 40 inches, 
permeability. slope. shrink-swell 

potential; sub- 
ject to frost 
action. 

фер9-—-..--------- Severe: steep Severe: stee Severe: steep Severe: steep Severe: shale Severe: steep 
slope; shale slopes; shale slopes; shale slope; shale bedrock at slopes; shale 
bedrock at bedrock at bedrock at bedrock at depth of 20 to bedrock at 
depth of 20 to depth of 20 to depth of 20 to depth of 20 to 40 inches. depth of 20 to 
40 inches; slow 40 inches. 40 inches. 40 inches; high 40 inches. 
permeability. shrink-swell 

tential; sub- 
ject to frost 
action. 
Dickinson: 
DkA, DkB......... Slight?__________ Severe: moder- | Moderate: pos- | Slight... Severe: rapid Slight... 
ately rapid sible caving of permeability 
permeability, cut slopes. In substratum; 
rapid in sub- or traffica- 
stratum. bility in under- 
lying material. 

ФЮКС.-------------- Moderate: 2 Severe: moder- | Moderate: Moderate: Severe: rapid Moderate: 
slopes are ately rapid slope. slope. permeability slopes subject, 
more than 6 permeability; In substratum; to erosion im 
percent. slope. poor traffica- deep cuts. 

bility in un- 
derlying ma- 
terial. 


See footnotes at end of table. 
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of soils—Continued 


Soil features affecting— 


Suitability as source of— 


Pond Embankments, Drainage of Теггасев 
Road fill Topsoil reservoir dikes and cropland Irrigation and 
areas levees and pasture diversions 

Poor: shallow | Unsuited Poor: shallow | Shallow to bed- | Shallow to bed- | Well drained... | Shallow root Shallow to 
to hard and to bedrock. rock; possibil- rock; medium zone; low bedrock. 
somewhat ity of voids compacted available 
fractured and fractures permeability. water 
bedrock. in the rock. capacity. 

Fair: bedrock Bedrock at Bedrock at Well drained....| Moderate avail- | Bedrock at 
at depth of depth of 20 depth of 20 able water depth of 20 
20 to 40 to 40 inches. to 40 inches; capacity; to 40 inches. 
inches; hard medium com- moderate 
and some- pacted per- permeability; 
what frac- meability; sloping in 
tured. fair to poor some places. 

compaction 
characteristics. 
Rapid permea- | Good compac- Well drained....| Potential areas | Nearly level; 
bility in tion charac- of moderately generall 
gravelly and substratum. teristics. rapid permea- not needed. 
sandy. bility; moder- 
ate available 
water 
capacity. 

Poor: shale Poor: thin Possible sites for | Shale bedrock at | Moderately Sloping; sub- Probability 
bedrock at surface reservoirs; depth of 20 well drained. ject to ero- of develop- 
depth of 20 layer. slow permea- to 40 inches; sion. ing wetness 
to 40 inches; ability; shale low сош- in terrace 
high shrink- bedrock at pacted рег- channels; 
swell poten- depth of 20 meability; shale bed- 
tial; poor to 40 inches. fair to poor rock at 
compaction compaction depth of 20 
character- character- to 40 inches. 
istics. istics. 

Poor: shale Poor: thin Possible sites for | Shale bedrock at | Moderately Too steep for Probability of 
bedrock at surface reservoirs; depth of 20 to well drained. irrigation. developing 
depth of 20 to layer. slow permea- 40 inches; low wetness in 
40 inches; bility; shale compacted terrace 
high bedrock at ermeability ; channels; 
shrink-swell depth of 20 air to poor shale bed- 
potential; to 40 inches. compaction rock at 
poor com- characteristics. depth of 20 
paction char- to 40 
acteristics, inches. 

Good to fair: Moderately rap- | Medium to high | Well drained_._| Potential areas; | Nearly level to 
high sand id permea- compacted moderate gently 
content. bility. permeability; available wa- sloping. 

subject to ter capacity; 
piping. moderately 
rapid permea- 
bility. 
Moderately Medium to Well drained....| Moderate avail- | Potential cuts 
rapid permea- high com- able water in sandy 
tent; slope. bility. pacted per- capacity; sub- material; 
meability; jeet to runoff highly erod- 
subject to and erosion. ible; sub- 
piping. ject to 


piping. 
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TABLE 7.—Engineering interpretations 
Degree and kind of limitations for— 
Soil series سس | —— سس سس سس‎ P. 
amd Septic tank Dwellings Local roads 
map symbols absorption Sewage lagoons Shallow with Sanitary and 
field excavations basements landfill! Streets 
Dodgeville: 

ров, DoC9........ Severe: bed- Severe: bed- Severe: bed- Severe: bed- Severe: bed- Moderate: bed- 
rock at depth rock at depth rock at depth rock at depth rock at depth rock at depth 
of 20 to 40 of 20 to 40 of 20 to 40 of 20 to 40 of 20 to 40 of 20 to 40 
inches. inches; sloping inches. inches. inches. inches. 

in places. 
Dubuque: 

DuB2, DuC2.......| Severe: bedrock | Severe: bedrock | Severe: bedrock | Severe: bedrock | Severe: bedrock | Moderate: bed- 
at depth of 20 at depth of 20 at depth of 20 at depth of 20 at depth of 20 rock at depth 
to 40 inches. to 40 inches; to 40 inches. to 40 inches. to 40 inches. of 20 to 40 

sloping in inches. 
places. 

DuD9, DuF........ Severe: bedrock | Severe: bedrock | Severe: bedrock | Severe: bedrock | Severe: bedrock | Severe: bedrock 
at depth of 20 at depth of 20 at depth of 20 at depth of 20 at depth of 20 at depth of 20 
to 40 inches. to 40 inches; to 40 inches; to 40 inches; to 40 inches; to 40 inches; 

slope. slope. slope. slope. highly erod- 
ible; slope. 
Eleva: EeB, Еер____ Severe: sand- Severe: moder- | Moderate: Moderate: Severe: sand- Moderate: 
stone bedrock ately rapid sandstone bed- sandstone bed- stone bedrock sandstone bed- 
at depth of 20 permeability; rock at depth rock at depth at depth of 20 rock at depth 
to 40 inches. sandstone bed- of 20 to 40 of 20 to 40 to 40 inches; of 20 to 40 
rock at depth inches. inches. moderately inches. 
of 20 to 40 rapid per- 
inches. meability. 
Estherville: 

EsA, EsC.......... Slight: moder- | Severe: sand Moderate: Slight: moder- | Severe: rapid Slight: moder- 
ate where and gravel at gravelly sub- ate where permeability; ate where 
slopes are more depth of 15 to stratum. slopes are more Sand and slopes are more 
than 6 percent. 30 inches; than 6 percent. gravel at depth than 6 percent. 

rapid рег of 15 to 30 

meability inches. 

Fairhaven: 

РаА--------------- Shght2___ Веуеге: rapid Slight...... ___ Moderate: ML | Severe: Moderate: ML 

permeability material; permeabili material; 

m substratum. moderate in یت‎ moderate 
shrmk-swell shrink-swell 
potential. potential. 

Fairhaven Moderate: 2 Severe: Moderate: Moderate: ML | Severe: Moderate: 

part of KfD. slope. permeability; slope. material; permeability slope. 

slope. moderate in substratum. 
shrink-swell 
potential; 
slope. 


See footnotes at end of table. 
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of soils— Continued 


Road fill 


Suitability as source of— 


Pond 
reservoir 
areas 


Soil features affecting— 


Embankments, 
dikes and 
levees 


Drainage of 
cropland 
and pasture 


Irrigation 
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Terraces 
and 
diversions 


Fair: bedrock 
at depth of 
20 to 40 
inches; mod- 
erate shrink- 
swell poten- 
tial. 


Fair: bedrock 
at depth of 
20 to 40 
inches; mod- 
erate shrink- 
swell poten- 
tial. 


Fair to poor: 
slopes are 12 
to 35 per- 
cent; highly 
erodible; 
bedrock at 
depth of 20 
to 40 inches. 


Good to fair: 
sandstone 
bedrock at 
depth of 20 
to 40 inches. 


Good in sub- 
stratum. 


Good in sub- 
stratum. 


Sand Topsoil 
Unsuited. ..... Good. ........ 
Unsuited. ..... Fair: thin 

surface lay- 
er. 
Unsuited...... Poor: thin 
surface lay- 
er. 
Poor: sand- Fair to poor... 
stone bed- 
rock at depth 
of 20 to 40 
inches; pos- 
sible sand 
source in 
sandstone. 
Good. ........ Fair: thin 
surface 
layer. 
Good. ........ Good. ........ 
Good. ........ Fair: slope... 


Moderate per- 
meability ; 
bedrock at 
depth of 20 
to 40 inches. 


Moderate per- 
meability; 
bedrock at 
depth of 20 
to 40 inches. 


"Terrain for 
pond sites; 
moderate per- 
meability; 
bedrock at 
depth of 20 
to 40 inches, 
has voids or 
is somewhat 
fractured. 


Moderately rap- 
id permea- 
bility; sand- 
stone bedrock 
at depth of 20 
to 40 inches. 


Rapid permea- 
bility; sand 
and gravel at 
depth of 15 
to 30 inches. 


Level terrain; 
rapid permea- 
bility in sub- 
stratum. 


Rapid permea- 
bility in sub- 
stratum. 


Medium to low 
compacted 
ermeability ; 
air compac- 
tion charac- 
teristics; sub- 
jeet to piping. 


Bedrock at 
depth of 20 to 
40 inches; 
medium to 
low compact- 
ed compress- 
ibility; fair 
compaction ` 
characteris- 
tics; subject 
to piping. 


Medium to low 
compacted 
permeability; 
medium sheer 
strength; sub- 
ject to piping. 


Medium com- 
pacted per- 
meability ; 
good com- 
paction char- 
acteristics. 


Medium to high 
compacted 
permeability; 
good сош- 
paction char- 
teristics. 


Medium to low 
compacted 
permeability; 
medium shear 
strength; sub- 
ject to piping. 


Medium to low 
compacted 
permeability; 
medium shear 
strength; sub- 
ject to piping. 


Well drained... 


Well drained... 


Subject to ero- 
sion; moder- 
ate available 
water сарас- 
ity. 


Moderate avail- 
able water 
capacity; sub- 
ject to ero- 
sion. 


Well drained... | Too steep; bed- 


Somewhat ex- 
cessively 
drained. 


Somewhat ex- 
cessively 
drained. 


Well drained... . 


Well drained... 


rock at depth 
of 20 to 40 
inches. 


Sloping to mod- 
erately steep; 
low available 
water capac- 
ity; moder- 
ately rapid 
permeability; 
sandstone 
bedrock at 
depth of 20 
to 40 inches. 


Potential areas; 
low available 
water сарас- 
ity; rapid 
permeability ; 
subject to 
erosion where 
slopes are 
more than 6 
percent. 


Potential areas; 
moderate 
available wa- 
ter capacity; 
moderately 
rapid permes- 
bility. 


Moderate avail- 
able water 
capacity; 
limiting fac- 
tor is slope. 


Potential cuts 
in bedrock 
at depth of 
20 to 40 
inches; mod- 


erate per- 
meability. 


Potential euts 
in bedrock 
at depth ۶ 
20 to 40 
inches; mod- 


erate per- 
meability. 


Bedrock at 
depth of 20 
to 40 inches; 
moderate 
permea- 
bility. 


Sandstone 
bedrock at 
depth of 20 
to 40 inches; 
moderately 
rapid per- 
meability. 


Level terrain; 
some es- 
carpments 
have short 
slopes; cuts 
would be in 
sand or 
gravel. 


Nearly level. 


Short slopes. 
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TABLE 7.—Engineering interpretations 


Soil series 


Degree and kind of limitations for— 


and Septic tank Dwellings Local roads 
map symbols absorption Sewage lagoons Shallow with Sanitary and 
field excavations basements landfill 1 streets 
Frontenac: FrE, FrF.| Severe: very Severe: very Severe: very Severe: very Severe: very Severe: very 
steep slopes. steep slopes. steep slopes; steep slopes. steep slopes. steep slopes. 
ig 
erodible. 
Gale: GaA_____.---- Severe: sand- Severe: sand- Moderate: Moderate: Severe: sand- Moderate: 
stone bedrock stone bedrock sandstone bed- sandstone bed- stone bedrock sandstone bed- 
at depth of 24 at depth of 24 rock at depth rock at depth at depth of 24 rock at depth 
to 40 inches. to 40 inches. of 24 to 40 of 24 to 40 to 40 inches. of 24 to 40 
inches. inches. inches. 
Garwin: Gm, Gr....| Severe: season- | Severe: season- | Severe: season- | Severe: season- | Severe: season- | Severe: season- 
ally high water ally high water ally high water ally high water ally high water ally high water 
table at depth table at depth table at depth table at depth table at depth table at depth 
of 1 foot to 3 of 1 foot to 3 of 1 foot to 3 of 1 foot to 3 of 1 foot to 3 of 1 foot to 3 
feet. feet; subject teet. feet; suscepti- feet; subject feet; high sus- 
to flooding. bility to frost to flooding. ceptibility to 
action; high frost action. 
shrink-swell 
potential, 
Gotham: GtB, GtD-| Moderate: 2 Severe: rapid Moderate: Moderate: Severe: rapid Moderate: 
rapid perme- permeability; sand lacks subject to permeability; deep cuts in 
ability. slopes of more stability in down wasting poor traffic- more sloping 
Severe where than 6 per- cuts. of material. ability in areas; difficult 
slopes are more cent. Severe where Severe where loose sand. to vegetate. 
than 12 per- slopes are more slopes are Severe where 
cent. than 12 per- more than 12 slopes are 
cent. percent. more than 12 
percent. 
Houghton: Но, Hs...| Severe: organic | Severe: organic | Severe: organic | Severe: organic | Severe: organic | Severe: organic 
soil; high soil; high soil; high soil; high soil; high soil; high 
water table at water table at water table at water table at water table at water table at 
depth of 1 foot depth of 1 foot depth of 1 foot depth of 1 foot depth of 1 foot depth of 1 foot 
to 3 feet. to 3 feet. to 3 feet. to 3 feet. to 3 feet. to 3 feet; avoid 
locating in 
these areas. 
Joy: JoA........... Severe: moder- | Moderate: Moderate: Moderate: Moderate: Moderate: 
ately slow per- somewhat somewhat somewhat somewhat somewhat 
meability ; poorly drained; poorly drained; poorly drained; роопу drained; poorly drained; 
somewhat some seepage. slight seepage possible seep- subject to moderate frost 
poorly during wet age in base- some seepage action poten- 
drained. periods. ments; moder- in deep cuts. tial. 
ate shrink-swell 
potential; 
moderate po- 
tential for 
frost action. 
Kasson: KaA....... Severe: moder- | Slight: some Slight: some Moderate: Moderate: Moderate: 
ately slow per- seepage. seepage. moderately moderately moderate or 
meability; well drained; well drained; high frost 
moderately some potential seepage in action poten- 
well drained. seepage in cuts; firm or tial; some see- 
basement; very firm page in cuts. 
moderate frost material in à 
action poten- substratum; 
tial on side- difficult to 
walks and work. 
driveways. 


See footnotes at end of table. 
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Soil features affecting— 


Embankments, 


dikes and 
levees 


Drainage of 
cropland 
and pasture 


Irrigation 


Terraces 
and 
diversions 


n | ——————|—‏ —— مس اس سس سس | 


Road fill Sand Topsoil 

Poor: very Unsuited...... Poor: thin 
steep slopes; surface 
about 25 layer; coarse 
percent fragments; 
Stones. slope. 

Fair: sand- Poor: possible| Fair: thin 
stone bed- 80urce in un- surface 
rock at derlying layer. 
depth of 24 sandstone. 
to 40 inches; 
sandstone is 
weakly 
cemented. 

Poor: high Unsuited. ..... Poor: sea- 
shrink-swell sonally high 
potential; water table. 
poor com- 
paction 
characteris- 
tics; poor 
compressibil- 
ity. 

Fair: highly Fair: poorly | Poor: sandy.. 
erodible. graded. 

Unsuited. ....- Unsuited...... Poor: high 
water table 
at depth of 
1 foot to 3 
feet; highly 
organic. 

Fair: moder- | Unsuited______ Good. ........ 
ate shrink- 
swell poten- 
tial; fair com- 
paction char- 
acteristics. 

Fair: moder- | Unsuited_____. Fair: thin 
ate shrink- surface 
swell poten- layer 
tial; firm or 
very firm 
material. 


Valley walls are 
fractured bed- 
rock; too por- 
ous to hold 
water. 


Level terrain; 
rapid permea- 
bility in 
sandstone. 


Possible site of 
pit pond; sea- 
sonally high 
water table 
at depth of 1 
foot to 3 feet. 


Possible sites 
because of 
terrain; rapid 
permeability. 


High water 
table at 
depth of 1 
foot to 3 feet; 
organic ma- 
terial. 


Near summits 
of terrain; 
moderately 
slow permea- 
bility; pit 
ponds gen- 
erally not 
suited. 


Near summit of 
terrain; mod- 
erately slow 
permeability. 


Not applicable. - 


Medium to low 
compacted 
permeability; 
medium shear 
strength; 
supject to 


piping. 


Low to medium 
compacted 
permeability; 
fair compac- 
tion charac- 
teristics; me- 
dium to low 
shear 
strength. 


Medium to high 
compacted 
permeability; 
good compac- 
tion charac- 
teristics; sub- 
ject to 
piping. 


Not suited for 
embank- 
ments; organ- 
ic material. 


Low to medium 
compacted 
permeability; 
subject to 
piping; fair 
compaction 
characteris- 
tics. 


Low compacted 
ermeability ; 
air to good 

compaction 
characteris- 
tics. 


Well drained... 


Well drained... 


Poorly drained 
and уегу 
poorly 
drained; 
moderately 
slow permea- 
bility. 


Somewhat ех- 
cessively 
drained. 


Required; in- 
ternal and 
open ditch; 
moderately 
rapid per- 
meability. 


Somewhat poor- 
ly drained; 
some drain- 
age needed; 
moderately 
slow permea- 
bility. 


Generally not 
needed; mod- 
erately well 
drained; can 
be beneficial 
in some 
areas. 


Not applicable; 
very steep 
slopes. 


Some potential 
areas; moder- 
ate available 
water сарас- 
ity; moder- 
ate permea- 
bility; sand- 
stone at 
depth of 24 
to 40 inches. 


Generally not 
needed. 


Rapid permea- 
bility; low 
available 
water сарас- 
ity; subject 
to erosion. 


Very poorly 
drained. 


Generally not 
needed; very 
high available 
water capac- 
ity. 


Generally not 
needed; mod- 
erately slow 

rmeability; 
igh available 
water сарас- 
ity. 


Not appli- 
cable; very 
steep 
slopes. 


Nearly level 
in most, 
places; 
sandstone 
at depth of 
24 to 40 
inches. 


Poorly drained 
and very 
poorly 
drained. 


Rapid perme- 

ability; 
long con- 
cave slopes. 


Nearly level. 


Sites for pos- 
sible out- 
lets; some 
artificial 
drainage 
needed in 
outlet areas 
and in con- 
structed 
channels. 


Low slopes; 
terrace 
channels 
likely to be 
wet; re- 
quire ar- 
tificial 
drainage in 
channels 
and outlets. 
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TABLE 7.—Engineering interpretations 
————————'————— —————É "(A AN خی مس دس‎ 


Degree and kind of limitations for— 


Soil series —— KM S— rc مس‎ n D.ooƏsV-- . 
and Septic tank Dwellings . Local roads 
map symbols absorption Sewage lagoons Shallow with Sanitary and 
field excavations basements landfill ? streets 

*Kegonsa: 

Кеа њи Slight 2... Severe: moder- | Slight__________. Moderate: ML | Severe: rapid Moderate: ML 
ately rapid material; mod- permeability material; mod- 
permeability erate shrink- in substratum. erate shrink- 
in substratum. swell poten- swell poten- 

tial. tial. 

i sete Moderate: 2 Severe: slope; Moderate: Moderate: Severe: rapid Moderate: 

For Fairhaven slope. moderately slope. slope. раз slope. 
part of КЕР, rapid perme- elow depth of 
see Fair- ability. 215 feet. 
haven series. 

Klinger: KnA....... Severe: moder- | Moderate: Moderate: Moderate: Moderate: Moderate: 
ately slow per- somewhat somewhat somewhat somewhat somewhat 
meability; poorly drained; poorly drained; poorly drained; poorly drained; poorly drained; 
somewhat seepage during slight seepage possible subject to moderate frost 
poorly very wet during wet seepage in seepage in action po- 
drained. periods. periods. basements; deep cuts. tential. 

moderate 
shrink-swell 
potential; 
moderate 
frost action 
potential. 

Lawson: Le......... Severe: water Severe: water Severe: water Severe: water Severe: water Moderate: sub- 
table at depth table at depth table at depth table at depth table at depth ject to flood- 
of 5 to 7 feet; of 5 to 7 feet; of 5 to 7 feet; of 5 to 7 feet; of 5 to 7 feet; ing; moderate 
subject to subject to subjeet to subject to subject to frost action 
flooding. flooding. flooding. flooding. flooding. potential, 

Lilah: 

МА EE Slight2__________ Severe: very ЗНрће___________ Slight___________ Severe: very Slight.__________ 
rapid permea- rapid permea- 
bility. bility. 

НР. Severe:? slope...| Severe: very Severe: slope...| Severe: slope...| Severe: very Severe: slope... 
rapid permea- rapid permea- 
bility. bility. 


See footnotes at end of table, 
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Suitability as source of — 


GOODHUE COUNTY, MINNESOTA 


Soil features affecting— 


Pond Embankments, Drainage of 
Road fill Sand Topsoil reservoir dikes and - cropland Irrigation 
areas levees and pasture 

Соой---------- Good. ........ Fair: thin On stream Medium com- Well drained....| Possible areas; 
surface benches; mod- pacted per- moderate and 
layer. erate per- meability; high avail- 

meability. low in coarse able water 
material; fair capacity. 
to good com- 
paction char- 
acteristics. 

Соод.________- Good. ........ Fair: thin Rapid permea- Medium com- Well drained....| Moderate avail- 
surface bility below pacted per- able water 
layer. depth of 214 meability in capacity. 

feet. material be- 
low depth of 
81 feet; 
good com- 
paction char- 
acteristics. 

Fair: moder- | Unsuited...... Good... ....... Near summit of | Low compacted | Somewhat Generally not 
ate shrink- terrain; mod- permeability; poorly drain- needed; mod- 
swell poten- erately slow fair to good ed; some erately slow 
tial; fair permeability; compaction drainage permeability; 
compaction pit ponds character- needed; mod- high avail- 
character- generally not istics. erately slow able water 
istics. adapted. permeability. capacity. 

Fair: mod- Some sand pos- | Good. ........ On large flood Low to medium | Drainage not Not needed; 
erate shrink- sible below plain; mod- compacted needed; water very high 
swell poten- depth of 6 erate per- permeability; table at available 
tial; fair feet. meabilit ; subject to depth of 5 water 
compaction water table piping; fair to 7 feet. capacity. 
characteris- at depth of 5 compaction 
tics. to 7 feet. characteris- 

ties. 

Good to fair.._..| Good. ........ Poor: high On stream Medium to high | Excessively Possible on lev- 
content of benches and compacted drained. el benches; 
sand and small knolls; permeability; very low and 
gravel. very rapid good сот- low available 

permeability. paction char- water capac- 
acteristics; ity; very 
high strength rapid permea- 
material. bility. 

Fair: slope....| Good. ........ Poor: slope...| On stream Medium to high | Excessively Too steep; very 
benches and compacted drained. low and low 
small knolls; permeability; available 
very rapid good com- water сарас- 
permeability. paction char- ity. 

acteristics; 
high strength 


material, 
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Terraces 
and 
diversions 


Generally not 
needed; 
nearly level 
or short 
slopes. 


Short slopes; 
rapid рег. 
meability 
below depth 
of 31⁄ feet. 


On long 
slopes; ter- 
race chan- 
nels likely 
to be wet; 
channels 
and outlets 
require ar- 
tificial 
drainage. 


Nearly level. 


Not appli- 
cable. 


Short choppy 
slopes in 
most 
places. 
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TABLE 7.—Engineering interpretations 


Soil series 


Degree and kind of limitation for— 


and Septic tank Dwellings Local roads 
map symbols absorption Sewage lagoons Shallow with Sanitary and 
field excavations basements landfill! streets 

Lindstrom: 

1 В Moderate: Moderate: Moderate: Moderate: Moderate: Moderate: 
moderate per- moderate per- erodible; sub- moderate erodible; sub- ML material; 
meability. meability; ject to runoff shrink-swell ject to col- moderate 

slope. from adjacent potential; ML luvial depo- shrink-swell 
soils. material. sition. potential. 

LnC___-.---------- Moderate: Severe: slope...| Moderate: Moderate: Moderate: Moderate: 
moderate per- slope; erodible. moderate erodible; sub- ML material; 
meability; shrink-swell ject to col- moderate 
slope. potential; ML luvial depo- shrink-swell 

material; sition. potential. 
slope. 

LnD--------------- Severe: slope...| Severe: slope...| Severe: slope; Severe: slope...| Moderate: slope;| Severe: slope.... 

erodible. Subject to col- 
luvial depo- 
sition. 

Marlean: MaE,MaF.| Severe: very Severe: very Severe: very Severe: very Severe: very Severe: very 
steep slopes; steep slopes; steep slopes; steep slopes; steep slopes; steep slopes; 
bedrock at bedrock at bedrock at bedrock at bedrock at bedrock at 
depth of 4 to depth of 4 to depth of 4 to depth of 4 to depth of 4 to depth of 4 to 
10 feet. 10 feet. 10 feet; high- 10 feet. 10 feet; high- 10 feet; high- 

ly erodible. ly erodible. ly erodible. 

Marsh: Md......... Very severe: Very severe: Very severe: Very severe: Very severe: Very severe: 
high water igh water high water high water high water high water 
table. table. table. table. table. table. 

Maxfield: Mf, Mo....| Severe: season- | Severe: season- | Severe: season- | Severe: season- | Severe: season- | Severe: season- 


ally high water 
table at depth 
of 1 foot to 3 
feet. 


МеРаш: Mp........ Severe: subject 
to flooding; 
water table at 
depth of 5 to 


7 feet. 


Mt. Carroll: 
M 


гА-------------- 


See footnotes at end of table. 


ally high water 
table at depth 
of 1 foot to 3 
feet; subject to 
flooding in 
swales. 


Severe: subject 
to flooding; 
water table at 
depth of 5 to 
7 teet. 


Moderate: 
erate perme- 
ability. 


mod- 


ally high water 
table at depth 
of 1 foot to 3 
feet; subject to 
flooding in 
swales. 


Severe: subject 
to flooding. 


Slight.... ...... 


ally high water 
table at depth 
of 1 foot to 3 
feet. 


Severe: subject 
to flooding. 


Moderate: 
action poten- 
tial where wa- 
ter is trapped; 
ML material. 


frost- 


ally high water 
table at depth 
of 1 foot to 3 
feet; subject to 
flooding in 
swales. 


Severe: subject 
to flooding; 
water table at 
depth of 5 to 
7 feet. 


Slight: erod- 
ible. 


ally high water 
table at depth 
of 1 foot to 3 
feet; high frost- 
action poten- 
tial; high com- 
pressibility. 


Severe: severe 
flooding; water 
table at depth 
of 5 to 7 feet. 


Moderate: cuts 
subject to его- 
sion; ML mat- 
terial; moder- 
ate shrink- 
swell potential, 


ties. 
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of soils—Continued 
Suitability as source of— Soil features affecting— 
Pond Embankments, Drainage of Terraces 
Road fill Sand Topsoil reservoir dikes and cropland Irrigation and 
areas levees and pasture diversions 

Fair: ML Unsuited...... Good. ........ On foot slopes Low to medium | Well drained....| Generally not Diversions 
material; below valley compacted needed; very needed to 
moderate walls; moder- permeability ; high avail- protect 
shrink-swell ate permea- subject to able water from runoff 
potential. bility. piping; fair capacity. and depo- 

compaction sition from 
character- valley walls. 
istics. 

Fair: ML Unsuited_.___. Fair: slope...] On foot slopes Low to medium | Well drained....| Generally not Diversions 
material; below valley compacted needed; sub- needed to 
moderate walls; moder- permeability; ject to protect 
shrink-swell ate permea- subject to erosion. from runoff 
potential. bility. piping; fair and depo- 

compaction sition from 
character- valley walls. 
istics. 

Fair: slope; Unsuited...... Poor: slope...' Om foot slopes Low to medium | Well drained....| Generally not Diversions 
ML materi- below valley compaeted needed; sub- needed to 
al; moderate walls; mod- permeability; ject to protect 
shrink-swell erate permea- subject to erosion. from runoff 
potential. bility. piping; fair and depo- 

compaction sition from 
character- valley walls. 
istics. 

Poor: very Unsuited. ..... Poor: thin Fractured bed- | Not applicable..| Well drained....| Too steep. ..... Not appli- 
steep slopes; surface rock; too cable; very 
highl layer; coarse porous to hold steep slopes. 
erodible. fragments; water; very 

slope. Steep slopes. 

Unsuited. ..... Unsuited ...... Unsuited. ..... Standing water__| Used to control | No outlets... Standing water__| Ponded. 

or contain 
water. 
Poor: high Unsuited...... Poor: sea- Possible site of | Low compacted | Require drain- | Not applicable; | Not appli- 
shrink-swell sonally high pit pond; sea- permeability; age; moder- poorly drained cable; 
otential; water table. sonally high poor com- ately slow and very poorly 
igh compres- water table at paction char- permeability. poorly drained 
sibility; poor depth of 1 acteristics. drained; high and very 
compaction foot to 3 feet; available poorly 
character- swale areas water capac- drained. 
istics. require diver- ity. 
sion from 
flooding in 
some places. 

Fair: mod- Generally un- | Good: sub- On large flood Low to medium | Moderately Generally not Not needed; 
shrink-swell suited; pos- ject to plain; moder- compacted well drained. needed; very nearly 
potential; sible source flooding. ate permea- permeability; high available level. 
medium below depth bility; water subject to water capac- 
compressi- of 7 feet in table at depth piping; fair ity. 
bility; fair some places. of 5 to 7 compaction 
compaction feet. characteris- 
character- tics. 
isties; sub- 
ject to piping. 

Fair: medium | Unsuited. ..... Fair: thin Near summits of | Low to medium | Well drained....| Generally not Not needed; 
shear surface upland ter- compacted needed; very nearly level. 
strength; layer. rain; moder- permeability; high avail- 
medium ate permea- medium shear able water 
compressibil- bility; subject strength; fair capacity. 
ity; subject to piping. compaction 
to piping. characteris- 


102 


SOIL SURVEY 


TABLE 7.—Engineering interpretations 


Degree and kind of limitation for— 


Soil series 
and Septic tank Dwellings Local roads 
map symbols absorption Sewage lagoons Shallow with Sanitary and 
field excavations basements landfill ! streets 
۱۷۱۲ 9 teens Slight______ eds Moderate: mod-| Ви. Moderate: frost- | Slight: erodible__| Moderate: cuts 
erate permea- aetion poten- subject to ero- 
bility; slope. tial where wa- sion; ML ma- 
ter is trapped; terial; moder- 
ML material. ate shrink- 
swell potential. 
| ОНИ = Moderate: ғоре. | Severe: slope....| Moderate: slope..| Moderate: slope. - Slight: erodible...| Moderate: cuts 
subject to ero- 
sion; ML ma- 
terial; moder- 
ate shrink- 
swell potential. 
MSA as Slight?. |... Severe: rapid Slight_....__.___ Moderate: шой- | Severe: rapid Moderate: ML 
permeability erate ML ma- permeability material; mod- 
in substratum. terial; frost ac- in substratum. erate shrink- 
tion potential swell potential. 
where water is 
trapped. 
Orion: Or......... Severe: season- | Severe: season- | Severe: season- | Severe: season- | Severe: season- | Severe: season- 
al water table al water table al water table al water table al water table al water table 
at depth of 1 at depth of 1 at depth of 1 at depth of 1 at depth of 1 at depth of 1 
foot to 3 feet; foot to 3 feet; foot to 3 feet; foot to 3 feet; foot to 3 feet; foot to 3 feet; 
subject to subject too subjeet to subject to subject to subject to 
flooding. flooding. flooding. flooding. flooding. flooding; high 
frost-action 
potential. 
Ostrander: 
QOtB. eur Moderate: Moderate: ЗНећ_.._______- Slight_________ Slight... Moderate: 
` moderate per- moderate рег- moderate 
meability. meability; shrink-swell 
slope. potential. 
OOP алкана Moderate: Severe: slope...| Moderate: оре. | Moderate: Slight... Moderate: sub- 
moderate slope; moderate ject to erosion 
moderate slopes; moder- in cuts; slope. 
permeability. ate shrink- 
swell potential. 
Plainfield: 
PaB__.______._ 2 Slight 2 _______.__ Severe: rapid Беуеге: sandy Slight... __. Severe: rapid Slight___.______. 
permeability. material. permeability. 


See footnotes at end of table. 


of soils—Continued 


Suitability as source of — 


Road fill 


Fair: medium 
shear 
strength; 
medium 
compressibil- 
ity; subject 
to piping. 


Fair: medium 
shear 
strength; 
medium 
compressibil- 
ity; subject 
to piping. 


Good in sub- 
stratum. 


Poor: poor 
compaction 
characteris- 
tics; ML 
material. 


Fair: mod- 
erate shrink- 
swell 
tential. 


Fair: moder- 
ate shrink- 
swell po- 
tential. 


Fair: poor 
Stability ; 
subject to 
piping. 


Good to fair... 


paction char- 
acteristics. 
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Soil features affecting— 
Pond Embankments, Drainage of Terraces 
Topsoil reservoir dikes and cropland Irrigation and 
areas levees and pasture diversions 

Fair: thin Near summits of | Low to medium | Well drained. ...| Generally not Adapted to 
surface upland ter- compacted needed; very areas with 
layer. rain; moder- permeability; high avail- long slopes. 

ate permea- medium shear able water 
bility; sub- strength; fair capacity. 
ject to piping. compaction 

characteris- 

ties. 

Fair: thin Near summits Low to medium | Well drained....| Generally not Adapted to 
surface of upland compacted needed; very areas with 
layer. terrain; mod- permeability; high avail- long slopes. 

erate permea- medium shear able water 
' bility; sub- strength; fair capacity. 
ject to compaction 
piping. characteris- 
tics. 

Fair: thin On stream Medium shear | Well drained....| Generally not Generally not 
surface benches; strengtb. needed; high needed. 
layer. rapid permea- available 

bility in sub- water 
stratum; sub- capacity. 
ject to 

piping. 

Fair: sea- In narrow Seasonal water | Poorly Not appli- Not appli- 
sonal water drainage- table at drained; cable; very cable; near- 
table at way; seasonal depth of 1 subject to high avail- ly level; 
depth of 1 water table; foot to 3 flooding; dif- able water subject to 
foot to 3 moderate feet; subject ficult to find capacity. flooding. 
feet; mod- permeability; to piping; suitable 
erate permea-| subject to low to medi- outlets. 
bility; sub- piping. um com- 
ject to paeted per- 
piping. meability; fair 

. compaction 
characteris- 
tics. 

Good. ........ Near summits of | Low compacted | Well drained__.-| Generally not Adapted on 
upland; mod- ermeability; needed; high long slopes; 
erate permea- air compac- available wa- some chan- 
bility on some tion character- ter capacity. nels may 
side slopes; istics. need tile 
moderate drainage. 
permeability. 

Fair: slope___| Near summits of | Low compacted | Well drained____| Generally not Adapted on 
upland; mod- ermeability ; needed; high long slopes; 
erate permea- air compac- available some chan- 
bility on some tion character- water capac- nels may 
side slopes; istics. ity. need tile 
moderate drainage. 
permeability. 

Poor: sandy..| On benches; Higb compacted | Excessively Generally not On benches 
rapid permea- permeability; drained. feasible; rapid in most 
bility. subject to permeability; places; 

piping; poor low avail- rapid per- 
stability; fair able water meability. 
to poor com- capacity. 
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TABLE "7. —Engineering interpretations 


Degree and kind of limitation for— 


Soil series - 
and Septic tank Dwellings Local roads 
map symbols absorption Sewage lagoons Shallow with Sanitary and 
field excavations basements landfill 1 streets 
Рав: 2. Severe: slope...| Severe: rapid Severe: sandy Severe: slope...| Severe: rapid Severe: slope... 
permeability; material; permeability; 
slope. slope. slope. 
Port Byron: . 

РЬА--------------- барб 2...2... Moderate: Slight.__.-----.. Slight----------- Slight__________ Slight... 
moderate 
permeability. 

FOB Sones Slight........... Moderate: Slight........... Slight----------- Slight.. -------- Moderate: sub- 
moderate per- ject to erosion 
meability. in cuts; ML 

material. 

POCO оре Moderate: Severe: slope...| Moderate: sub- | Moderate: ЗНећћ________-- Moderate: sub- 
slope. ject to erosion; slope. ject to erosion 

slope. in cuts; ML 
material. 

POA ae 82642. -__.__._ Severe: rapid Slight_________ Moderate: ML | Severe: rapid Moderate: ML 

permeability material. permeability in material. 
in substratum. substratum. 
Racine: 

ROB соло Moderate: Moderate: Slight___________ Slight__....___.- Slight______.____ Moderate: 
moderate per- moderate per- moderate 
meability. meability. shrink-swell 

potential. 

RaC, RaC9........ Moderate: Severe: slope...| Moderate: Moderate: Slight___________ Moderate: 
moderate per- slope. slope. subject to ero- 
meability. sion in cuts. 

RaD9, RaE........ Severe: slope...| Severe: slope...| Severe: slope; Severe: slope...| Severe: slope...| Severe: slope... 

subject to ero- 
sion in cuts. 


See footnotes at end of table. 
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Suitability as source of— 


Soil features affecting— 


Pond Embankments, Drainage of Теггасев 
Road fill Sand Topsoil reservoir dikes and eropland Jrrigation and 
areas levees and pasture diversions 

Fair: poor Fair: poorly | Poor: sandy..| Rapid permea- | High to medi- Excessively Low available Rapid per- 
stability; graded. ` bility. um com- drained. water сарас- meability; 
subject to pacted per- ity; rapid channels 
piping. meability; fair permeability; and ridges 

to good com- too steep for need main- 
paction char- irrigation. tenance. 
acteristics. 

Fair: medium | Unsuited. ..... Good. ........ Near summit of | Medium com- Well drained....| Generally not Suited to 
shear terrain; mod- pacted per- needed; very areas with 
strength; erate permea- meability ; high available long slopes. 
medium bility. medium shear water capac- 
compressibil- strength; fair ity. 
ity; subject compaction 
to piping. characteris- 

tics; requires 
close control. 

Fair: medium | Unsuited._____| Со0й.------- Near summit of | Medium com- Well drained....| Generally not Suited to 
shear terrain; mod- pacted per- needed; very areas with 
Strength; erate per- meability ; high available long slopes. 
medium meability. medium shear water сарас- 
compressibil- strength; fair ity. 
ity; subject compaction 
to piping. characteris- 

tics; requires 
close control. 

Fair: medium | Unsuited. ..... Fair: slope...| On some side Medium com- Well drained____| Generally not Suited to 
shear slopes. pacted per- needed; very areas with 
strength; meability; high available long slopes. 
medium medium shear water сарас- 
compressibil- strength; fair ity. 
ity; subject compaction 
to piping. character- 

istics; requires 
close control. 

Good: good Fair: sand Good. ........ On stream Medium shear Well drained....| Generally not Generally not 
below depth below depth benches; rapid strength; needed; very needed; 
of 4 feet. of 4 feet. permeability medium сош- high available nearly 

in substratum;| _ расђед per- water capac- level. 
subject to meability ; ity. 
piping. subject to 

piping. 

Fair: moder- | Unsuited...... Fair: thin Near summits of | Medium com- Well дгатед. | Generally not Suited to 
ate shrink- surface uplands; pacted per- needed; high long slopes; 
swell poten- layer moderate meability ; fair available some chan- 
tial. permeability. compaction water сарас- nels may 

characteris- ity. need tile 
tics. drainage. 

Fair: moder- | Unsuited_____. Fair: thin On some side Medium com- Well drained....| Generally not Suited to long 
ate shrink- surface slopes; mod- pacted per- needed; high slopes; 
swell poten- layer erate permea- meability ; available some chan- 
tial. bility. fair compac- water nels may 

tion charac- capacity. need tile 
teristics. drainage. 

Fair: slope....| Unsuited______ Poor: thin On side slopes Medium com- Well drained....| Not applicable; | Too steep in 

surface of entrenched pacted per- too steep for most places; 

layer; slope. drainageways; meability; irrigation. some large 
moderate fair compac- diversions 
permeability. tion charac- possible on 


teristics. 


long slopes. 
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Soil series 


SOIL SURVEY 


TABLE 7.—Engineering interpretations 


Degree and kind of limitation for— 


and Septie tank Dwellings Local roads 
map symbols absorption Sewage lagoons Shallow with Sanitary and 
field excavations basements landfill i streets 
Radford 
Ка салама ва љиљани Беуеге: water Severe: water Severe: water Ñevere: water беуеге: water Severe: subject 
table at depth table at depth table at depth table at depth table at depth to flooding. 
of 5 to 7 feet; of 5 to 7 feet; of 5 to 7 feet; of 5 to 7 feet; of 5 to 7 feet; 
subject to subject to subject to subject to subject to 
flooding. flooding. flooding. flooding. flooding. 
Salida: 
Sabre: Moderate: 2 Severe: slopes | Moderate: Slight----------- Severe: very Slight----------- 
slope. of more than slopes of more rapid permea- 
6 percent; very than 6 percent; bility. 
rapid permea- gravelly ma- 
bility. terial, 
За E aceias Severe:? slope..| Severe: slope...| Severe: slopes Severe: slope...| Severe: very Severe: slope; 
of more than rapid permea- erodible. 
12 percent. bility; slopes 
of more than 
25 percent. 
*Schapville: Severe; slow Severe: slopes Severe: clayey | Severe: shale Severe: shale Severe: high 

ScC, ScD, SdE: permeability; of more than material at at depth of 10 bedrock at shrink-swell 

For Sogn part of slopes of more 6 percent; depth of 10 to to 25 inches; depth of 10 to potential; 
SdE, see Sogn than 12 per- shale bedrock 25 inches. high shrink- 25 inches. shale bedrock 
series. cent; shale at depth of 10 swell poten- at depth of 10 
bedrock at to 25 inches. tial. to 25 inches. 
depth of 10 to 
25 inches, 
*Seaton: 

SFA, SEBS Slight__________ Moderate: би ---.------ Slight: frost Slight. Moderate: . 
slope; moder- action poten- ML material. 
ate permea- tial where 
bility. water is 

trapped. 

SFC9, 5ЬСе, SkC9. | Moderate: Severe: slopes Moderate: Moderate: Moderate: Moderate: 

For Kegonsa or slopes of more of more than slope; subject slope; frost erodible. slope; cuts 
Lilah parts of than 6 per- 6 percent. to erosion. action poten- subject to 
SkC2, see КО cent. tial where erosion; ML 
in Kegonsa water is material. 
series or see trapped. 

Lilah series. 

SfD9, SFE, ShD2, | Severe: slope... Severe: slope...| Severe: slope; Severe: slope; Severe if slopes| Severe: cuts 
ShE, SkDe, SIE. severe hazard severe hazard of more than subject to _ 
For Kegonsa or of erosion. of erosion; 25 percent; severe erosion; 

Lilah parts of frost-action moderate if slope. 
5۱09, see Ke- potential where slopes less than 

gonsa series ог water is 25 percent: 

Lilah series. trapped. cuts subject to 

For Bold or erosion. 


Timula parts of 
SIE, see Bold 
series or ToDin 
Timula series. 


See footnotes at end of table. 
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Suitability as source of— 


Road fill 


Fair: moder- 
rate shrink- 
swell poten- 
tial; fair 
compaction 
character- 
istics. 


Good to fair... 


Good to fair... 


Poor: high 
shrink-swell 
potential. 


Fair: medium 
shear 
strength; 
medium 
compressibil- 
ity; subject 
to piping. 


Fair: medium 
Shear 
strength; 
medium 
compressibil- 
ity; subject 
to piping. 

Poor И slopes 
are more 
than 25 per- 
cent. 


Fair: medium 
shear 
strength; 
medium 
compressibil- 
ity; subject 
to piping; 
slope. 


Sand Topsoil 
Unsuited______ Good. ........ 
Good. ........ Poor: high 

content of 
sand and 
gravel. 

Good. ........ Poor: high 
content of 
sand and 
gravel; slope. 

Unsuited. ..... Fair: high 
clay content. 

Unsuited_____. Fair: thin 
surface lay- 
er. 

Unsuited; Fair: thin 

arts of surface lay- 
КС2 con- er. 
tain some 
sand and 
gravel. 
Unsuited: Poor: slopes 
arts of of more 
k D2 con- tham 12 per- 
tain some cent; thin 
sand ог surface lay- 
gravel. er. 


Pond 
reservoir 
areas 


On flood plain; 


water table at 
depth of 5 to 
7 feet; moder- 
ate permea- 
bility. 


On stream 


benches; very 
rapid permea- 
bility. 


Escarpments; 


very rapid 
permeability. 


Side slopes in 


most places; 
slow permea- 
bility; shale 
bedrock at 
depth of 10 
to 25 inches. 


Near the side 


slopes of 
some up- 
lands; moder- 
ate permea- 
bility. 


On side slopes 


of uplands, 
some foot 
slopes; mod- 
erate permea- 
bility. 


On side slopes 


and foot 
slopes; mod- 
erate per- 
meability. 
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Soil features affecting— 


Embankments, 


dikes and 
levees 


Low to medium 


compacted 
permeability ; 
air com- 
paction char- 
acteristics; 
subject to 


piping. 


High compacted 


permeability; 
good com- 
paction char- 
acteristics; 
high strength 
material. ` 


High compacted 


permeability; 
good com- 
paction char- 
acteristics; 
high strength 
material. 


Low to medium 


compacted 
permeability; 
poor com- 
paction char- 
acteristics. 


Medium com- 


pacted per- 
meability; 
subject to 
piping; fair 
compaction 
characteris- 
tics; medium 
shear 
strength. 


Medium com- 


pacted per- 
meability; 
subject to 
piping; fair 
compaction 
characteris- 
tics; medium 
shear 
strength. 


Medium to low 


compacted 
permeability; 
subject to 
piping; fair 
compaction 
characteris- 
tics; medium 
shear 
strength. 


Drainage of 
cropland 
and pasture 


Irrigation 


Drainage not 


needed; water 
table at depth 
of 5 to 7 

feet. 


Excessively 


drained. 


Excessively 


drained; 
slope. 


Moderately well 


dramed; slow 
permeability. 


Well дгатед____ 


Well drained.... 


Well drained... 


Not needed; 
very high 
available wa- 
ter capacity. 


Excessively 
drained; very 
rapid permea- 
bility; very 
low available 
water capac- 
ity. 


Not suited: 
slow permea- 
bility; gradi- 
ents more 
than 2 per- 
cent. 


Very high avail- 
able water 
capacity. 


Very high avail- 
able water 
capacity. 


Not suited: 
too steep. 


Terraces 
and 
diversions 


Not needed; 
nearly level; 
on flood 
plain. 


Not needed; 
very rapid 


bility. 


Short choppy 
slopes; very 
rapid per- 
meability. 


Not suited: 
shale bed- 
rock at 
depth of 10 
to 25 inches. 


Terraces and 
diversions 
suited to 
slopes more 
than 300 
feet long. 


Terraces and 
diversions 
suited to 
slopes more 
than 300 
feet long. 


Possible sites 
for diver- 
sions on 
long slopes 
and below 
valley 
walls. 
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TABLE 7.—Engineering interpretations 


Degree and kind of limitation for— 


Soil series 


and Septic tank Dwellings Local roads 
map symbols absorption Sewage lagoons Shallow with Sanitary and 
field excavations basements landfill! streets 
Shullsburg: Severe: slow Severe: severe Severe: shale Severe: high Severe: shale Severe: high 
SmC. permeability. where slopes bedrock at shrink-swell bedrock at shrink-swell 
are more than depth of 20 to potential; depth of 20 to potential; 
6 percent; sus- 40 inches; cuts shale bedrock 40 inches; poor poor compac- 
ceptible to soil lack stability. at depth of 20 workability; tion charac- 
creeping. to 40 inches; somewhat poor-| teristics; 
subject to soil ly drained. high сотаргев- 
creeping. sibility. 
Skyberg: $n........ Severe: seasonal| Severe: seasonal| Severe: seasonal| Severe: seasonal| Severe: seasonal| Severe: moder- 
water table at water table at water table at water table at water table at ate or high 
depth of 1 foot depth of 1 foot depth of 1 foot depth of 1 foot depth of 1 foot frost-action 
to 3 feet; mod- to 3 feet; mod- to 3 feet. to 3 feet; frost to 3 feet; ma- potential, 
erately slow erately slow action poten- terial difficult 
permeability. permeability. tial. to work. 
*Sogn: SoD.......... Severe: slope; Severe: bed- Severe: bed- Severe: bed- Severe: bed- Severe: bed- 
For Copaston part bedrock at rock at depth rock at depth rock at depth rock at depth rock at depth 
of SoD, see depth of 10 to of 10 to 20 of 10 to 20 of 10 to 20 of 10 to 20 of 10 to 20 
Cv B, CvC2 in 20 inches. inches. inches. inches. inches. inches. 
Copaston series. 
Sparta: SpA........ Slight -------- Severe: very Slight........... Shght. دیعب یات‎ Severe: very Slight___________ 
rapid permea- rapid permea- 
bility. bility. 
Тет: 

Те e یرت ردب وس یت‎ Moderate: Moderate: Moderate: Moderate: Moderate: Moderate: 
moderate per- moderate per- erodible; sub- moderate position on ML material; 
meability. meability ; ject to flooding shrink-swell landseape; moderate 

slope. from adjacent potential; ML erodible. shrink-swell 
soils. material. potential. 
les 655 Moderate: ` Severe: slope_____ Moderate: Moderate: Moderate: Moderate: 
moderate per- slope; erodible. moderate osition on ML material; 
meability ; Shrink-swell andscape; moderate 
slope. potential; ML: erodible. shrink-swell 
material; potential. 
slope. 
Vie Dit seem as Severe: slope...| Severe: slope...| Severe: slope; Severe: slope...| Moderate: Severe: slope... 
erodible. erodible. slope; subject 
to colluvial 
deposition. 
*Timula 
. 0 e 5 Slight___________ Moderate: Slight__________ Slight----------- Slight----------- Moderate: 
slope; moder- largely ML 
ate permea- material, 
bility. 


See footnotes at end of table. 
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Suitability as source of— Soil features affecting— 
Pond Embankments, Drainage of Тегтасев 
Road fill Sand Topsoil reservoir dikes and eropland Irrigation and 
areas levees and pasture diversions 

Poor: high Unsuited______ Fair: high On side slopes; Low compacted | Slow permea- Not needed: Not suited; 
shrink-swell content of slow permea- permeability; bility. shale bedrock short slopes; 
potential; clay; shale bility; some- poor com- at depth of shale bed- 
poor com- bedrock at what poorly paction char- 20 to 40 rock at 
paction char- depth of 20 drained; shale acteristics; inches; some- depth of 20 
acteristics; to 40 inches. bedrock at medium shear what poorly to 40 inches. 
high com- depth of 20 strength. drained. 
pressibility. to 40 inches. 

Fair: moder- | Unsuited_____. Fair: seasonal | Possible site of | Low compacted | Somewhat poor- | Not needed; Not needed: 
ate shrink- water table pit pond; sea- permeability; ly drained; somewhat nearly 
swell poten- at depth of sonal water fair to good moderately poorly level. 
tial. 1 foot to 3 table at depth compaction slow permea- drained; mod- 

feet. of 1 foot to 3 character- bility. erately slow 
feet; moder- istics, permeability. 
ately slow 
permeability. 

Poor: bedrock | Unsuited______ Poor: less On valley walls; | Bedrock at Bedrock at Too steep... Bedrock at 
at depth of than 8 bedrock at depth of 10 depth of 10 depth of 10 
10 to 20 inches of depth of 10 to 20 inches. to 20 inches. to 20 inches. 
inches. suitable to 20 inches. 

material. 

Good to fair: Good: poorly | Poor: sandy | On stream Medium to low | Excessively Very rapid per- | Nearly 
poor stabil- graded. material. benches; very compacted drained. meability. level. 
ity. rapid permea- permeability ; 

bility. subject to 
piping; fair 
to good com- 
paction сраг- 
acteristics. 

Fair: ML Unsuited; Good. ........ On foot slopes Low to medium | Well drained....| Generally not Diversions 
material; some poten- below valley compacted needed; high needed to 
moderate tial sand in walls; moder- permeability ; available wa- protect from 
shrink-swell lower part of ate permea- subject to ter capacity; runoff and 
potential. substratum. bility. piping; fair subject to deposition 

compaction erosion. from valley 
character- walls, 
istics. 

Fair: ML Unsuited; Fair: slope...| On foot slopes Low to medium | Well drained....| Generally not Diversions 
material; some poten- below valley compacted needed: high needed to 
moderate tial sand in walls; moder- permeability; available wa- protect from 
shrink-swell lower part of ate permea- subject to ter capacity; runoff and 
potential. substratum. bility. piping; fair subject to deposition 

compaction erosion. from valley 
character- walls. 
istics. 

Fair: slope; Unsuited; Poor: slope...| On foot slopes Low to medium | Well drained... | Generally not Diversions 
ML materi- some poten- below valley compacted needed; high needed to 
al; moderate tial sand in walls; moder- permeability ; available wa- protect from 
shrink-swell lower part of ate permea- subject to ter capacity; runoff and 
potential. substratum. bility. piping; fair subject to deposition 

compaction erosion. from valley 
character- . walls. 
istics. 

Fair: ML Unsuited. ..... Fair: thin Near summits Medium to low | Well drained....| Generally not Suited to 
material. surface lay- jn uplands; shear needed; very slopes longer 

er. moderate strength; me- high available than 150 
permeability, dium to low water capac- feet. 
compacted ity. 
permeability; 
igh suscep- 
tibility to 


piping. 
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TABLE 7.—Engineering interpretations 


Degree and kind of limitation for— 


Soil series 


and Septic tank Dwellings Local roads 
map symbols absorption Sewage lagoons Shallow with Sanitary and 
field excavations basements landfill 1 streets 
Ти ee ies Syed Moderate: Severe: slope...! Moderate: Moderate: Moderate: Moderate: 
slope. slope; erodible. slope. erodible. slope; ML 
material; erod- 
ible. 
ТӨр:г:2- a Severe: slope...| Severe: slope...| Severe: slope; Severe: slope...| Severe: slopes | Severe: slope; 
For Bold part of erodible. of more than erodible. 
ToD, see Bold 25 percent; 
series. erodible, 

Vasa: VaA---------- Moderate: Moderate: Moderate: Moderate: Moderate: Severe: визсер- 
moderate per- moderate per- moderately moderate moderately tibility to frost, 
meability; meability. well drained; shrink-swell well drained; action, 
moderately some seepage and frost ac- possible seep- 
well drained. at contact tion potential; age in deep 

with till. possible seep- cuts. 
age in base- 
ments. 
Waukegan: WaA-.._| Slight? Severe: rapid Slight___________ БИ ___ Severe: rapid Slight... 
rmeability permeability 
In substratum. in substratum. 

Whalan: WhB, Severe: bedrock | Severe: Бедгоск | Severe: bedrock | Severe: bedrock | Severe: bedrock | Moderate: bed- 
WhC2, WsB, at depth of 20 at depth of 20 at depth of 20 at depth of 20 at depth of 20 rock at, depth 
WsCo, Ws DQ, to 40 inches. to 40 inches, to 40 inches. to 40 inches. to 40 inches, of 20 to 40 
WsE. inches. 

Zumbro: Zu......... Severe: subject | Severe: subject | Moderate: sub- | Severe: subject | Severe: rapid Severe: subject 
to flooding; to flooding; ject to flood- to flooding; permeability; to flooding. 
water table at rapid permea- Ing. moderately subject to 
рл of 5 to bility. well drained. flooding. 

10 feet. 


1 Onsite study is needed of the underlying strata and water table to determine the hazards of aquifer pollution and drainage into ground water 


in landfill deeper than 5 or 6 feet. 


2 Hazard of pollution of ground water to considerable depth in the sand and gravel. 
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Suitability as source of— 


Soil features affecting— 


Road fill 


Fair: ML 
material. 


Poor: slopes 
of more than 
25 percent; 
fair amount 
of ML ma- 
terial. 


Fair: medium 
shear 
strength; 
medium 
compressibil- 
ity; subject 
to piping. 


Poor: bed- 
rock at 
depth of 20 
to- 40 inches. 


Good: subject 
to piping. 


Pond Embankments, Drainage of Теггасев 
Sand Topsoil reservoir dikes and eropland Irrigation and 
areas levees and pasture diversions 

Unsuited. ..... Fair: thin On side slopes Medium to low | Well drained....| Generally not Suited to 
surface lay- in upland shear needed; high slopes longer 
er. terrain; strength; me- available wa- than 150 

moderate dium to low ter capacity. feet. 
permeability. compacted 
rmeability ; 
igh suscep- 
tibility to 
piping. 

Unsuited._____ Poor: віоре-..! On side slopes Medium to low | Well drained....| High available Slopes are gen- 
in upland ter- shear water сарас- erally too 
rain; moder- strength; me- ity; subject steep or 
ate permea- dium to low to erosion. choppy. 
bility. compacted 

ermeability ; 

igh suscep- 
tibility to 
piping. 

Unsuited. ..... Fair: thin Near summits Low to medium | Not generally Not generally If installed, 
topsoil. in uplands; compacted needed; mod- needed; very artificial 

moderate permeability ; erately well high available drainage 
permeability. subject to drained; some water сарас- needed 
piping; fair drainageways ity. along 
compaction benefit. channels. 
character- 
istics. 

Good. ........ Good. ........ On stream Medium com- Well drained....| Moderate to Nearly level. 
benches; pacted per- high available 
moderate to meability; water capac- 
rapid permea- subject to ity. 
bility in sub- piping; fair 
Stratum. compaction 

character- 
istics. 

Unsuited. ..... Poor: thin Moderate per- Medium to low | Well drained....| Slopes of more | Bedrock at 
surface lay- meability; compacted than 2 per- depth of 20 
er. bedrock at ermeability ; cent generally to 40 inches. 

depth of 20 air com- too steep; 

to 40 inches. paction char- moderate 
acteristics; permeability. 
bedrock at 
depth of 20 
to 40 inches. 

Poor: poorly | Fair: high On flood plain; | Medium to high | Generally not Water table at | Rapid permea- 
graded. content of rapid permea- compacted needed; mod- depth of 5 to bility; sub- 
sand. bility. permeability; erately well 10 feet; sub- ject to 

good com- drained; rapid ject to flooding. 
paction char- permeability. flooding. 
acteristics; 
subject to 


piping. 
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TABLE 8.—Engineering 


[Tests performed by the Minnesota Department of Highways in cooperation with U. S. Department of Commerce, Bureau of 


Moisture density ! 


Mechanical analysis? 


. Minn. Depth | Percentage of material less than 3 
Soil and location Parent material report from Maximum | Optimum inches in diameter passing sieve— 
number surface dry moisture 
density No. 4 
lin | 3⁄ m 3⁄4in | (4.7 mm) 
Inches Lb/eu ft Pct 
Bold silt loam: 
SWI/ASE1/ANEI1/4 sec. | Loess. 5863-1695 0-6 106 loue ал ی‎ O и 
32, Т. 112 N., R. 16 ۰ SS63-1696 | 11-70 108 ашан اس‎ pas pi Ба naa 
(Modal) 
Brodale flaggy loam: 6 
NE1/4NE1/4NW1/4 Colluvium and bed- | 8872-125 10-40 124.7 8 84 78 76 75 
зес. 22, Т. 112 N., В. rock residuum. 
14 W. (Modal) 
Burkhardt loam: 
NEI/4NE1/48W1 /4 Glacial outwash. 8873-123 16-35 139 7 89 81 63 50 
sec. 24, T. 112 N., В. S873-124 35-70 127 10 98 97 88 70 
13 W. (Modal) 
Dickinson sandy loam: 
SW1/4NW1/48W1/4 Glacial outwash. 8863-1730 0-7 119 ls elis tf 100 
sec. 36, T. 112 N., В. S863-1731 | 22-28 126 Ossa Ее о 100 99 
18 W. (Modal) 8863-1732 | 32-55 117 11 ec бике 100 99 
Kasson silt loam: 
SE1/ASE1/ASEI/4 sec. Loess over glacial 5563-1750 9-9 96 22 БЕСТЕ ТЕ Re ын 
31, Т. 109 N., R. 17 W. (Iowan) till 5563-1751 | 24-33 112 14! ___.|_______ 100 99 
(Modal) (dense). 5863-1752 | 52-83 114 152 ааа бањи 100 99 
Mt. Carroll silt loam: 
200 feet north oí south- Loess. SS63-1697 06 97 21 кенен ins, E Q bass. 2. و‎ 
west corner of SE1/4 5563-1698 | 18-30 103 IBS [o کا‎ ка киноны 
МЕ! /4 sec. 11, T. 8563-1699 | 41-70 106 лкен ок on S рок ыа 
110 N., R. 17 W. 
(Modal) 
Plainfield loamy sand: 
SW1/4SW1/4SW1/4 sec. | Alluvial sand SS63-1705 0-5 107 HE اس یت‎ ИИ ی‎ ан ma 
31, T. 114 N., R. (terrace). 5863-1706 | 45-100 106 16 жақа a И ЕЕ 
15 W. (Modal) 
Plainfield fine sand: 
(۷۲۱/4 ۵ Alluvial sand 8862-1692 0-6 108 19۱ ЕСЕН ба лге РЕК ЕЛЕНЕ 
вес, 4, T. 113 N. R. (terrace). 8563-1694 16-70 108 I9 تسش تدای یت‎ ИУ اس‎ es 
16 W. (Finer than 
modal) 
Racine silt loam: à 
SE1/4SE1/4 sec. 25, T. Thin loess over 8863-1735 0-8 102 Түн аланина | 20s 100 99 
109 N., В. 18 W. glacial till 5863-1736 | 29-36 126 12 жекен 100 96 86 
(Modal) (Iowan). 8563-1737 44-70 117 19. | us 100 96 92 
Sehapville silty clay loam: 
[۳1/4۸ ۰ Loess over shale 8863-1707 0-8 97 22: | rinse адалдан ақыра ава 
sec. 29, T. 112 N., R, (Decorah) over 5563-1708 8-15 91 25 Ра јака دس‎ не 100 
17 W. (Modal) limestone. 5563-1709 | 15-24 86 SI: sce Е a usa 
Seaton silt loam: 
SW1/ASW1/ASW1/4 sec. | Loess. 5563-1741 0-9 106 ҒАН КЕРЕ БАҒАН БЕКА Бао 
34, Т. 112 N., В. 17 W. 5562-1749 9-15 103 Батан жөнге ЕЛО res 
(Modal) 5863-1743 | 41-103 106 IS а Sos aS bed ul fe su 
Shullsburg silty clay loam: 
SW1/4NE1/4NW1/4 Thin loess over SS63-1718 0-7 85 ае OE 100 99 
sec. 30, T. 112 N., R. shale (Decorah). 5568-1719 | 11-17 98 А eec EAT 
17 W. (Modal) 5863-1720 | 24-53 95 و2‎ Есеке m | cade d edat 


1 Based on AASHO Designation T 99-57, Method C. 


? Mechanical analysis according to the AASHO Designation T 88. Results by this procedure frequently may differ somewhat from results that 
would have been obtained by the soil survey procedure of the Soil Conservation Service (SCS). In the AASHO procedure, the fine material is 
analyzed by the hydrometer method and the various grain-size fractions are calculated on the basis of all the material, including that coarser 
than 2 millimeters in diameter. In the SCS soil survey procedure, the fine material is analyzed by the pipette method and the material coarser 
than 2 millimeters in diameter is excluded from calculations of grain-size fractions. The mechanical analyses used in this table are not suitable 
for use in naming textural classes for soil. 


test data 
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Public Roads, in accordance with standard procedures of the American Association of State Highway Officials (AASHO)] 
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No. 10 
(2.0 mm) 


74 


Mechanical analysis— Continued 2 Classification 
Percentage of material less than 3 : ; 
inches in diameter passing sieve—Continued Percentage smaller than— Liquid Plasticity . 
limit index AASHO 3 Unified: 
No. 40 No. 200 
(0.42 mm) (0.074 mm) 0.05 mm 0.005 mm 0.002 mm 
Pet 

100 97 87 19 11 27 5МР | А-4(8) ML 

100 98 79 13 10 24 ХР | А-4(8) ML 
72 34 24.5 | جرج‎ — | Е А 24 SM 
2] 6 au. ЖЕТСЕ 3 NP NP | Ала SW-SM 
16 2: | ع مس دی هب‎ | Е 3 NP NP | АТ а SP 
78 26 23 12 8 NP NP | A-2-4(0) SM 
79 22 20 8 7 NP NP | A-2-4(0) SM 
78 10 es le a шш шш NP NP | A-3(0) SP-SM 
97 91 84 30 21 35 6 | A-4(8) L 
90 65 57 28 24 33 10 | A-4(6) ML-CL 
87 63 55 27 23 30 11 | А-6(6) CL 
99 98 88 26 19 36 6 | A-4(8 ML 

100 99 90 28 22 37 9 | A-4(8) ML 

100 99 78 19 16 30 3 | A-4(8) ML 
55 21 ھی ا ی ا جات‎ totes NP NP | А-3(0) БР 
54 — — ————— —— NP NP | А-3(0) SP 
91 са ке tte ита cere El NP NP | A-3(0) SP-SM 
93 amc NP NP | A-3(0) SP-SM 
94 84 78 25 16 34 8 | A-4(8) ML 
69 31 26 13 10 NP МР | A-2-4(0) SM 
75 46 43 21 18 28 7 | A-4(2) SM 
98 71 67 37 28 42 13 | А-7-6(8) ML 
90 66 61 31 24 42 8 | A-5(6) ML 
98 94 94 74 62 80 37 | A-7-5(20) | MH 
99 96 84 26 21 33 7 | A-4(8) ML 

MM EN 97 85 31 29 35 8 | A-4(8) ML 
=S а ае stss 98 82 16 12 26 NP | A-4(8) ML 

93 69 64 40 32 54 16 | A-7-5(12) | MH or OH 
98 82 80 63 54 59 29 | А-7-5(19) | MH-CH 
97 91 87 65 52 69 39 | А-7-5(20) | СН 


3 Вазед оп ААЗНО Designation М 145-49. 
4 Soil Conservation Service and Bureau of Public Roads have agreed to consider that all soils having plasticity indexes within 2 points from 
A-line are to be given a borderline classification. 


5 NP= 


Nonplastic. 


$30 to 60 percent flaggy material more than 3 inches in diameter estimated not run. 
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interpretations for various engineering uses; and re- 
sults of engineering laboratory tests on soil samples. 

This information, along with the soil map and other 
parts of this publication, can be used to make inter- 
pretations in addition to those given in community 
development and outdoor recreation groupings, and it 
also can be used to make other useful maps. 

This information, however, does not eliminate the 
need for further investigation at sites selected for 
engineering works, especially works that involve heavy 
loads or that require excavations to depths greater than 
those shown in the tables, generally depths of more 
than 6 feet. Also, inspection of sites, especially small 
ones, is needed because many delineated areas of a given 
soil mapping unit may contain small areas of other 
kinds of soils that have strongly contrasting properties 
and different suitabilities or limitations for soil engi- 
neering. 

Some of the terms used in this soil survey have spe- 
cial meaning in soil science that may be unfamiliar to 
engineers. The Glossary defines many terms commonly 
used in soil science. 


Engineering soil classification systems 


The two systems most commonly used іп classify- 
ing samples of soils for engineering are the Unified 
system (7) used by the SCS engineers, Department of 
Defense, and others, and the AASHO system (1) 
adopted by the American Association of State High- 
way Officials. 

In the Unified system soils are classified according 
to particle-size distribution, plasticity, liquid limit, and 
content of organic matter. Soils are grouped in 15 
classes. There are eight classes of coarse-grained soils, 
identified as GW, GP, GM, GC, SW, SP, SM, and SC; 
six classes of fine-grained soils, identified as ML, CL, 
OL, MH, CH, and OH; and one class of highly organic 
Soils, identified as Pt. Soils on the borderline between 
two classes are designated by symbols for both classes; 
for example, ML-CL. 

The AASHO system is used to classify soils accord- 
ing to those properties that affect use in highway con- 
struction and maintenance. In this system, а soil is 
placed in one of seven basic groups ranging from A-1 
through A-7 on the basis of grain-size distribution, 
liquid limit, and plasticity index. In group A-1 are 
gravelly soils of high bearing strength, or the best soils 
for subgrade (foundation). At the other extreme, in 
group A-7, are clay soils that have low strength when 
wet and that are the poorest soils for subgrade. Where 
laboratory data are available to justify a further break- 
down, the A-1, А-2, and А-7 groups are divided as 
follows: А-1-а, A-1-b, А-2-4, А-2-5, A-2-6, A-2-7, 
A-7-5, and A—7-6. As additional refinement, the engi- 
neering value of a soil material can be indicated by a 
group index number. Group indexes range from 0 for 
the best material to 20 or more for the poorest. The 
AASHO classification for tested soils, with group in- 
dex numbers in parentheses, is shown in table 8; the 
estimated classification, without group index numbers, 
is given in table 6 for all soils mapped in the survey 
area. 


Soil properties significant to engineering 


Several estimated soil properties significant in engi- 
neering are given in table 6. These estimates are made 
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for typical soil profiles, by layers sufficiently different 
to have different significance for soil engineering. The 
estimates are based on field observations made in the 
course of mapping, on test data for these and similar 
soils, and on experience with the same kinds of soil in 
other counties. Following are explanations of some of 
the columns in table 6. 

Depth to bedrock is distance from the surface of the 
Soil to the upper surface of the rock layer. 

Depth to seasonal high water table is distance from 
the surface of the soil to the highest level that ground 
water reaches in the soil in most years. 

Soil texture is described in table 6 in the standard 
terms used by the Department of Agriculture. These 
terms take into account relative percentages of sand, 
silt, and clay in soil material that is less than 2 milli- 
meters in diameter. “Loam,” for example, is soil mate- 
rial that contains 7 to 27 percent clay, 28 to 50 percent 
silt, and less than 52 percent sand. If the soil contains 
gravel or other particles coarser than sand, an appro- 
priate modifier is added, as for example, "gravelly 
loamy sand." “Sand,” “silt,” “clay,” and some of Ше 
other terms used in USDA textural classification are 
defined in the Glossary of this soil survey. 

Liquid limit and plasticity index indicate the effect 
of water on the strength and consistence of soil ma- 
terial. As the moisture content of a clayey soil is in- 
creased from a dry state, the material changes from a 
semisolid to a plastic state. If the moisture content is 
further increased, the material changes from a plastic 
to a liquid state. The plastic limit is the moisture con- 
tent at which the soil material changes from the semi- 
solid to plastic state; and the liquid limit, from a plastic 
to a liquid state. The plasticity index is the numerical 
difference between the liquid limit and the plastic limit. 
It indicates the range of moisture content within 
which a soil material is plastic. Liquid limit and plastic- 
ity index are estimated in table 6, but in table 8 the 
data on liquid limit and plasticity index are based on 
tests of soil samples. 

Permeability is that quality that enables a soil to 
transmit water or air. It is estimated on the basis of 
those soil characteristics observed in the field, partic- 
ularly structure and texture. The estimates in table 6 
do not take into account lateral seepage or such tran- 
sient soil features as plowpans and surface crusts. 

Available water capacity is the ability of soils to 
hold water for use by most plants. It is commonly 
defined as the difference between the amount of water 
in the soil at field capacity and the amount at the wilt- 
ing point of most crop plants. 

Reaction is the degree of acidity or alkalinity of a 
soil, expressed in pH values. The pH value and terms 
used to describe soil reaction are explained in the Glos- 
sary. 

Shrink-swell potential is the relative change in vol- 
ume to be expected of soil material which changes in 
moisture content, that is, the extent to which the soil 
shrinks as it dries out or swells when it gets wet. 
Extent of shrinking and swelling is influenced by the 
amount and kind of clay in the soil. Shrinking and 
swelling of soils causes much damage to building foun- 
dations, roads, and other structures. A high shrink- 
swell potential indicates а hazard to maintenance of 
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Structures built in, on, or with material having this 
rating. 


Engineering interpretations 


The estimated interpretations in table 7 are based on 
the engineering properties of soils shown in table 6, 
on test data for soils in this survey area and others 
nearby or adjoining, and on the experience of engi- 
neers and soil scientists with the soils of Goodhue 
County. In table 7, ratings summarize the limitation 
or suitability of the soils for all listed purposes other 
than for drainage of cropland and pasture, irrigation, 
ponds and reservoirs, embankments, and terraces and 
diversions. For these particular uses, table 7 lists those 
soil features not to be overlooked in planning, installa- 
tion, and maintenance. 

Soil limitations are indicated by the ratings slight, 
moderate, severe, and very severe. Slight means that 
soil properties generally are favorable for the rated use, 
or in other words, limitations are minor and are easily 
overcome. Moderate means that some soil properties are 
unfavorable but can be overcome or modified by special 
planning and design. Severe indicates soil properties so 
unfavorable and so difficult to correct or overcome that 
major soil reclamation, special designs, or intensive 
maintenance is required. Very severe indicates one or 
more soil properties so unfavorable for a particular use 
that overcoming the limitations is most difficult and 
costly and is commonly not practical for the rated use. 

Soil suitability is rated by the terms good, fair, and 
poor, which have, respectively, meanings approximately 
parallel to the terms slight, moderate, and severe. 

Following are explanations of the columns in table 


Septic tank absorption fields are subsurface systems 
of tile or perforated pipe that distribute effluent from a 
septic tank into natural soil. The soil material is eval- 
uated from a depth of 18 inches to 6 feet. The soil 
properties considered are those that affect both absorp- 
tion of effluent and construction and operation of the 
system. Properties that affect absorption are perme- 
ability, depth to water table or rock, and susceptibility 
to flooding. Slope is a soil property that affects diffi- 
culty of layout and construction and also the risk of 
soil erosion, lateral seepage, and downslope flow of ef- 
2. Large rocks or boulders increase construction 
costs. 

Sewage lagoons are shallow ponds constructed to 
hold sewage within a depth of 2 to 5 feet long enough 
for bacteria to decompose the solids. À lagoon has a 
nearly level floor and sides, or embankments, of com- 
pacted soil material. The assumption is made that the 
embankment is compacted to medium density and the 
pond is protected from flooding. Properties are consid- 
ered that affect the pond floor and the embankment. 
Those that affect the pond floor are permeability, con- 
tent of organic matter, and slope, and if the floor needs 
to be leveled, depth to bedrock becomes important. The 
soil properties that affect the embankment are the en- 
gineering properties of the embankment material as 
interpreted from the Unified Soil Classification and the 
amounts of stones, if any, that influence the ease of 
excavation and compaction of the embankment ma- 
terial. 

Shallow excavations are those that require digging or 
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trenching to a depth of less than 6 feet, as for example, 
excavations for pipelines, sewer lines, phone and power 
transmission lines, basements, open ditches, and ceme- 
teries. Desirable soil properties are good workability, 
moderate resistance to sloughing, gentle slopes, ab- 
sence of rock outerop or big stones, and freedom from 
flooding or a high water table. 

Dwellings, as rated in table 7, are no more than three 
stories high and are supported by foundation footings 
placed in undisturbed soil. The features that affect 
the rating of a soil for dwellings are those that relate 
to capacity to support load and resist settlement under 
load, and those that relate to ease of excavation. Soil 
properties that affect capacity to support load are 
wetness, susceptibility to flooding, density, plasticity, 
texture, and shrink-swell potential. Those that affect 
excavation are wetness, slope, depth to bedrock, and 
content of stones and rocks. 

Sanitary landfill is à method of disposing of refuse 
in dug trenches. The waste is spread in thin layers, 
compacted, and covered with soil throughout the dis- 
posal period. Landfill areas are subject to heavy vehic- 
ular traffic. Some soil properties that affect suitability 
for landfill are ease of excavation, hazard of pollut- 
ing ground water, and trafficability. The best soils have 
moderately slow permeability, withstand heavy traffic, 
and are friable and easy to excavate. Unless otherwise 
stated the ratings in table 7 apply only to a depth of 
about 6 feet, and therefore limitation ratings of slight 
or moderate may not be valid if trenches are much 
deeper than that. For some soils reliable predictions can 
be made to a depth of 10 to 15 feet, but every site 
should be investigated before it is selected. 

Local roads and streets, as rated in table 7, have an 
all-weather surface expected to carry automobile traf- 
fie all year. They have a subgrade of underlying soil 
material; a base consisting of gravel, crushed rock, or 
soil material stabilized with lime or cement; and a 
flexible or rigid surface, commonly asphalt or concrete, 
These roads are graded to shed water and have ordinary 
provisions for drainage. They are built mainly from 
о at hand, апа most cuts апа fills аге less than 6 feet 

eep. 

Soil properties that most affeet design and construc- 
tion of roads and streets are load-supporting capacity 
and stability of the subgrade, and the workability 
and quantity of cut and fill material available. The 
AASHO and Unified classifications of the soil material 
and also the shrink-swell potential indicate traffic-sup- 
porting capacity. Wetness and flooding affect stability 
of the material. Slope, depth to hard rock, content of 
Stones and rocks, and wetness affect ease of excavation 
and amount of cut and fill needed to reach an even 
grade. 

Road fill is soil material used in embankments for 
roads. The suitability ratings reflect the predicted per- 
formance of soil after it has been placed in an embank- 
ment that has been properly compacted and provided 
with adequate drainage, and the relative ease of exca- 
vating the material at borrow areas. 

Sand is used in great quantities in many kinds of 
construction. The ratings in table 7 provide guidance 
about where to look for probable sources. À soil rated 
as 2 good. or fair source of sand generally has a layer 
at least 3 feet thick, the top of which is within a depth 
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of 6 feet. The ratings do not take into account thickness 
of overburden, location of the water table, or other 
factors that affect mining of the materials, and neither 
do they indicate quality of the deposit. 

Topsoil is used for topdressing an area where vege- 
tation is to be established and maintained. Suitability 
is affected mainly by ease of working and spreading 
the soil material, as in preparing a seedbed; natural 
fertility of the material, or the response of plants when 
fertilizer is applied; and absence of substances toxic 
to plants. Texture of the soil material and its content 
of stone fragments are characteristics that affect suit- 
ability, but also considered in the ratings is damage 
that will result at the area from which topsoil is taken. 

Pond reservoir areas hold water behind а dam or 
embankment. Soils suitable for pond reservoir areas 
have little seepage, which is related to their permea- 
bility and depth to fractured or permeable bedrock 
or other permeable materia]. 

Embankments, dikes, and levees require soil material 
resistant to seepage and piping and of favorable stabil- 
ity, shrink-swell potential, shear strength, and compac- 
tibility. Stones or organic material in a soil are among 
factors that are unfavorable. 

Drainage of cropland and pasture is affected by such 
Soil properties as permeability, texture, and structure; 
depth to claypan, rock, or other layers that influence 
rate of water movement; depth to the water table; 
slope, stability in ditchbanks; susceptibility to stream 
overflow ; and availability of outlets for drainage. 

Irrigation of a soil is affected by such features as 
slope; susceptibility to stream overflow, water erosion, 
or soil blowing; soil texture; content of stones; depth of 
root zone; rate of water intake at the surface; per- 
meability of soil layers below the surface layer and in 
fragipans or other layers that restrict movement of 
water; amount of water held available to plants; and 
need for drainage, or depth to water table or bedrock. 

Terraces and diversions are embankments, or ridges, 
constructed across the slope to intercept runoff so that 
it soaks into the soil or flows slowly to a prepared out- 
let. Features that affect suitability of a soil for terraces 
are uniformity and steepness of slope; depth to bed- 
rock or other unfavorable material; presence of stones; 
permeability ; and resistance to water erosion, soil slip- 
ping, and soil blowing. À soil suitable for these struc- 
tures provides outlets for runoff and is not difficult 
to vegetate. 


Soil test data 


Table 8 contains engineering test data for some of the 
major soils in Goodhue County. These tests were made 
to help evaluate the soils for engineering purposes. The 
engineering classifications given are based on data ob- 
tained by mechanical analyses and by tests to deter- 
mine liquid limits and plastie limits. The mechanical 
analyses were made by combined sieve and hydrometer 
methods. 

Compaction (or moisture-density) data are impor- 
tant in earthwork. If a soil material is compacted at 
successively higher moisture content, assuming that 
the compactive effort remains constant, the density of 
the compacted material increases until the optimum 
moisture content is reached. After that, density de- 
creases with increase in moisture content. The highest 
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dry density obtained in the compactive test is termed 
maximum dry density. As а rule, maximum strength 
of earthwork is obtained if the soil is compacted to the 
maximum dry density. 

Tests to determine liquid limit and plastic limit 
measure the effect of water on the consistence of soil 
material, as has been explained for table 8. 

Shrinkage limit is the percentage of moisture at 
which shrinkage of the soil material stops. 

Shrinkage ratio is the relation of change in volume 
of the soil material to the water content of the soil ma- 
terial when at the shrinkage limit. The change in 
volume is expressed as a percentage of the air-dry 
volume of the soil material, and the water content is 
expressed as a percentage of the weight of the soil 
material, when ovendry. 

Linear shrinkage is the decrease in one dimension, 
expressed as а percentage of the original dimension, 
of the soil mass when the moisture content is reduced 
from the given value to the shrinkage limit. 


Town and Country Planning 


Goodhue County is in a region of expanding popula- 
tion that is developing around the small towns and 
along major highways. Some small housing areas are 
also being developed in wooded areas away from major 
communities or highways. This section is intended 
as a guide to potential developers or planners who wish 
to consider shopping and parking areas, parks and 
playgrounds, streets or roads, factories, and schools. 
A number of characteristies of a soil and its terrain 
affect such uses. Some of these characteristics are a 
high or low water table, erodibility, runoff, percola- 
tion rate (for septic tank absorption fields), shrink- 
swell potential, and frost heaving. Conversely, the 
use of a soil has an effect on the soil and its related 
environment. 

Restrictions on the use of some soils are incorporated 
in local ordinances. This section points out factors that 
need to be considered or should be allowed for in plan- 
ning any type of development. Incorporating com- 
pensating measures into buildings or roads during 
construction is easier than correcting problems after- 
wards. Extra borings can be made by consulting firms 
that study the extent of any problems identified and the 
compensating measures required. 

Any overall plan should allow for such things as con- 
trol of erosion and runoff. Where development is in- 
tensive, as in housing areas or shopping centers, the 
amount of runoff to be discharged is increased signif- 
ісап у. For example, a large number of natural soil 
absorption areas are displaced by nonabsorbing areas, 
such as roofs, parking lots, and streets, which readily 
shed and channel the runoff into lower areas and at 
considerably faster rates. Control of erosion is needed 
also, especially during initial stages of any construc- 
tion when the plant cover has been destroyed. It is 
also needed in the runoff discharge areas where gully- 
ing is possible. Assistance in determining the manage- 
ment needed is available at the local Soil Conservation 
District office. 

A large acreage in the county is prime farmland. 
For this reason, the compatibility of farming and de- 
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e such as subdivisions, should be consid- 
ered. 

Most factors that influence use of the soils for com- 
munity developments are covered in nine overall soil 
groupings described on the following pages. The soils 
are grouped by common properties that are significant 
in most types of developments. Each grouping points 
out major problems requiring attention. More precise 
evaluation for each soil in the county is in the engi- 
neering tables. 


COMMUNITY DEVELOPMENT GROUP 1 


This group consists of all soils on which a hazard 
of flooding occurs. These are soils of the Ankeny, 
Bremer, Chaseburg, Colo, Lawson, McPaul, Orion, Rad- 
ford, and Zumbro series and Alluvial land and Marsh. 
They occupy natural drainageways throughout the 
county, including some that finger into watersheds as 
small as 40 acres in size. Alluvial land and the Chase- 
burg, Colo, McPaul, and Orion soils are flooded fre- 
quently or very frequently after heavy rain. They are 
adjacent to streams or are on the lowest part of the 
sides of tributary valleys. The remaining soils in the 
group are less frequently flooded and осспру the more 
elevated flood plains at greater distances from the 
Stream channels. Most of the flooding follows heavy 
storms or snowmelt. 

Development of flooded areas should be limited to 
filled-in areas or to uses that do not obstruct or dimin- 
ish the natural flood plain. The kind or extent of 


possible uses varies with degree of flooding. Any use’ 


of frequently flooded or very frequently flooded soils 
is hazardous. Such soils should be left idle or limited 
to pasture. 

The less frequently flooded soils are mostly used for 
crops. Some, however, are idle or are used for pasture 
because they are ponded or have too high a water table. 
Other areas of these soils have been developed for 
parks, harbors, or low-hazard farm uses. Future de- 
velopments should be restricted to those that do not 
obstruct the flood plain or drive the higher lying flood- 
waters downstream. 

Wetness is a hazard on Marsh, Alluvial land, flooded, 
and the Bremer, Colo, and Orion soils. The water table 
is generally at the surface or within a depth of 3 feet, 
and frost action is a typical concern in the construc- 
tion of roads, parking areas, or concrete slabs of 
any size. Bearing strength is low in the Bremer, Colo, 
Houghton, Orion, and Radford soils. 


COMMUNITY DEVELOPMENT GROUP 2 


This group consists of soils that have a seasonal high 
water table or a permanent water table at a depth of 
1 foot to 4 feet. These are soils of the Biscay, Canisteo, 
Garwin, Houghton, Maxfield, and Skyberg series. Late 
in summer or in dry years this water table can disap- 
pear, but it is generally perched because the sub- 
stratum is dense or has a high content of clay and does 
not allow much water in or through it. Houghton muck, 
seepy, is at the base of hillsides and receives seepage 
or subsurface flowage from inside the hill. Biscay soils 
are on low terraces that have a more permanent water 
table. 

The water table severely limits use of these soils 
because it affects excavations for basements, founda- 
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tions for buildings, and sewage absorption systems for 
septic tanks and frost action in roads, parking lots, 
sidewalks, and driveways. In some places, subsurface 
drainage can correct part of the wetness. If feasible, 
tile drainage could be installed around footings of foun- 
dations, under parking lots, and along road sides. 
Houghton muck, seepy, is very difficult to drain. 

Bearing strength is variable, and onsite determina- 
tions should be made before any major building is 
planned. The underlying loamy glacial till in the Ca- 
nisteo, Maxfield, Skyberg, and Biscay soils has fairly 
high strength. 


COMMUNITY DEVELOPMENT GROUP 3 


This group consists of soils that are mainly favorable 
for development because they require very little level- 
ing or movement of earth. These soils are mostly level 
to gently sloping and are on stream benches. They are 
soils of the Alvin, Billett, Burkhardt, Dakota, Dickin- 
son, Estherville, Fairhaven, Gotham, Kegonsa, Lilah, 
Plainfield, Salida, Sparta, and Waukegan series. They 
are excessively drained to well drained. Permeability is 
moderate to very rapid. Runoff is slow to medium, and 
much of it is absorbed. 

Many areas of these soils have existing communities 
on or near them. The underlying material in all areas 
is sandy or gravelly. Pollution of ground water is a 
hazard if these soils are used as sewage absorption 
fields for septic tanks, because the substratum is rapidly 
permeable. This hazard is very severe if a water table 
is within a depth of 10 feet. The coarse material in 
the substratum mostly filters solids from the effluent 
and does little to filter nutrients in the liquid. The depth 
to a potential water table corresponds in places to the 
approximate elevation of nearby streams. Well logs 
Should be studied for precise positions. 

These soils have good bearing strength and are capa- 
ble of supporting large structures, especially those soils 
that have a high content of pebbles. No serious prob- 
lems affect installation of parking lots, roads, or streets. 
Billett, Burkhardt, Estherville, Gotham, Lilah, Plain- 
field, Salida, and Sparta soils are too droughty for 
most lawn or yard needs, because available water ca- 
pacity is very low to low. Moisture has to be applied 
very frequently if a dense lawn and garden is desired. 
Where possible some topsoil should be hauled from 
other areas. 

In most areas these soils, especially the droughty 
soils, are subject to soil blowing. Sediment from blow- 
ing collects in houses and causes cleaning problems, 
or it drifts in road ditches and along lot borders. Most 
soil blowing is in the vicinity of large cultivated fields 
where wind can rework bare soil. 

In most areas, especially level areas, water is ab- 
sorbed readily and very little runs off. In subdivisions 
some means of channeling runoff, such as surface water- 
ways, are needed. During the potential rapid thaws, for 
example, the soil is frozen and little runoff is absorbed. 


COMMUNITY DEVELOPMENT GROUP 4 


This group consists of nearly level to sloping soils 
that have bedrock at a depth of 1 foot to 3 feet. These 
soils are of the Copaston, Dodgeville, Dubuque, Eleva, 
Gale, and Whalan series. They are well drained or some- 
what excessively drained. Permeability is moderate or 
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moderately rapid. These soils occupy the upper parts 
of narrow upland ridges and some stream benches. 

Pollution of aquifers in bedrock is a potential haz- 
ard where any of these soils are used as sewage absorp- 
tion fields. Sandstone or limestone bedrock is at a depth 
of less than 3 feet. Much of the limestone bedrock is 
fractured and cavernous and absorbs effluent readily 
without any filtering, and the sandstone is very porous. 
If housing developments have a central collection sys- 
tem for sewage, the hazard of pollution is reduced. 

The limitation to extensive excavation is moderate 
or severe, Excavating bedrock is expensive and should 
be minimized by planning developments on the con- 
tour. 

Disposal of runoff is a concern, because many areas 
generally discharge into steep ravines. The added run- 
off from a housing development can cause serious gully- 
ing in the lower drainageways on floors of ravines. 
Runoff can generally be controlled by building the de- 
velopment on the contour. Terraces, small dams, and 
some streets should be constructed to temporarily hold 
water, especially in areas that cross small drainage- 
ways. 

Most of these soils have medium or high bearing 
strength. 


COMMUNITY DEVELOPMENT GROUP 5 


This group consists of moderately well drained or 
somewhat poorly drained soils that have moderate to 
slow permeability. These soils are of the Derinda, Joy, 
Kasson, Klinger, Schapville, Shullsburg, and Vasa 
series. They are mainly on broad uplands. All but De- 
rinda and Schapville soils are wet or have some seep- 
age. All but Derinda, Schapville, and Shullsburg soils 
are nearly level to gently sloping. Those soils are slop- 
ing. 

The wetness in these soils mainly affects areas that 
require sewage absorption fields for septic tanks. Per- 
colation rates are slow, generally more than 60 minutes 
per inch. Wetness is à concern іп basements, and frost 
action or heaving is a hazard on sidewalks, driveways, 
patios, roads, streets, and alleys. Tile drainage around 
a homesite or building helps to correct this condition. 
If feasible, tile drainage can be installed along streets 
and roads also. 

The more sloping soils require control of runoff and 
erosion. Derinda, Schapville, and Shullsburg soils have 
a high shrink-swell potential that can cause base- 
ment or retaining walls to collapse. This potential is 
highly significant because the amount of moisture in 
the soil ranges from low to high. Some Shullsburg and 
Schapville soils are naturally slipping along a shear 
plane at some depth. Some county surveyors indicate 
that some of these soil masses are moving downslope, 
which can easily cause disruption of building founda- 
tions. 


COMMUNITY DEVELOPMENT GROUP 6 


This group consists of deep, well-drained soils of the 
Lindstrom, Mt. Carroll, Ostrander, Port Byron, Racine, 
Seaton, Terril, and Timula series. These soils are nearly 
level to moderately steep on crests and side slopes of 
uplands and are level on some benches along streams 
and foot slopes below valley walls. 

These soils are in broad, continuous areas and mostly 
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have moderate limitations that affect use. Steep slopes, 
runoff, and erosion are the principal limitations. Per- 
meability is moderate, and available water capacity is 
high. Runoff is mostly medium, but on some of the more 
level areas it is slow. In most areas these soils can be 
used as sewage absorption fields for septic tanks, but 
percolation tests are needed for final evaluation. 

If developments are planned, consideration should be 
given to the disposal of runoff. Intensive development 
greatly increases the rate of runoff as the absorptive 
surface of the soils is displaced by a hard surface. 
Erosion is a serious concern in areas that lack veg- 
etative cover or are exposed by excavation. Sediment 
is readily carried to streams by runoff, 

Development on the contour helps control erosion and 
runoff, and all streets or roads should be planned on 
the contour. Where possible, runoff should be stored in 
low or natural drainageways by installing dams and 
terraces, and roads also can be partly used as a dam. 
These areas slowly release runoff to lower drainage- 
ways and into some of the deeper ravines. 


COMMUNITY DEVELOPMENT GROUP 7 


This group consists of steep or very steep soils that 
are underlain by bedrock or its residuum at a depth of 
10 to 40 inches. These soils are of the Bellechester, 
Brodale, Copaston, Dubuque, Frontenac, Marlean, 
Schapville, Sogn, and Whalan series. They are on walls 
of stream valleys, in deep ravines, and in entrenched 
drainageways. The steep slope affects runoff, erosion, 
and deposition of rock debris. These soils are well 
drained to excessively drained. Permeability is mod- 
erate to rapid. Runoff is rapid or very rapid in all 
but the Bellechester soils, which absorb a large amount 
of the runoff. 

Most development is severely limited and use of the 
soils for this purpose has been minimal. In some areas 
the soils are graded, but roads are difficult or expen- 
sive to maintain because of erosion of the roadbeds 
and ditches, falling rock and debris, and increased 
amounts of runoff caused by disturbances in natural 
infiltration. Also, runoff is channeled along these road 
ditches and concentrated in specific discharge areas, 
which causes gullying and sedimentation in the soil 
below. Well-designed roads should be properly graded 
to contain or slow runoff. Some storage areas, such as 
small ravines, can be partly dammed to contain some 
of the runoff. 

Where buildings are constructed near or on areas 
of these soils, erosion and runoff are concerns. Falling 
rock is a hazard to buildings at the base of these soils. 

These soils should be left as natural as possible for 
the best control of erosion and runoff. Pasturing and 
excess traffic should be minimized. 


COMMUNITY DEVELOPMENT GROUP 8 


This group consists of deep, well-drained, moder- 
ately steep to very steep soils. These soils are of the 
Bold, Lindstrom, Racine, Seaton, Terril, and Timula 
series. They occupy sides of entrenched drainageways 
or small ravines, some walls of stream valleys, and some 
foot slopes at the base of valley walls. The steep slope 
causes runoff and severe susceptibility to erosion in 
unprotected areas. These soils are normally too steep 
to be used as sewage absorption fields for septic tanks. 
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A central system of collecting sewage is needed. Avail- 
able water capacity is high and very high, and permea- 
bility is moderate. Runoff is rapid or very rapid. 

Most development is severely limited by steep slopes, 
runoff, and erosion. If any areas are developed, safe 
disposal of runoff and control of potential erosion are 
needed. As much as possible of the development should 
be on the contour, terraces should be used to control 
runoff and erosion, and dams should be used in natu- 
ral storage sites, such as ravines or small coves, to con- 
tain or release the runoff very slowly. Grading should 
be minimized, and bare exposure of any areas should 
be as brief as possible. Where possible, small grades 
should be pushed up to catch sediment along the lower 
edge of building sites. 

The hazard of rock and other debris falling from the 
valley walls should be considered if developments are 
planned on foot slopes of valley walls. 

Very steep areas should be wooded to control runoff, 
and traffic or pasturing should be restricted or mini- 
mized. 

Frost action can be a concern in constructing patios, 
driveways, or sidewalks if water is trapped around 
houses and not allowed to drain away. 


COMMUNITY DEVELOPMENT GROUP 9 


This group consists of mostly moderately steep to 
very steep, well-drained to excessively drained soils of 
the Estherville, Fairhaven, Gotham, Kegonsa, Lilah, 
Plainfield, and Salida series. These soils chiefly occupy 
escarpments of stream benches, but some are on up- 
lands. The hazard of erosion is very severe, especially 
in gullies, and deep cuts and raw banks are very good 
sources of sediment that can be carried to nearby flood 
plains or streams. 

Most development is severely limited by steep slopes, 
runoff, and erosion. If any areas are developed, safe 
disposal of runoff and control of erosion are needed. 
As much as possible of the development should be on 
the contour, terraces should be used to control runoff 
and erosion, and dams should be used in natural stor- 
age sites, such as ravines and small coves, to contain 
the runoff or release it very slowly. Grading should be 
minimized, and bare exposure of any areas should be 
as brief as possible. Where possible, small grades should 
be pushed up to catch sediment along the lower edge 
of building sites. 

These soils should be planted to permanent vegeta- 
tion, preferably trees. Runoff from valley walls and 
drainageways should be controlled to avoid gullying. 
Traffic and pasturing should be limited or restricted 
to avoid excess runoff. 


Sanitary landfills 


Sanitary landfills are not evaluated under community 
development groupings because they require special 
Study and evaluation by consulting engineers. They are 
briefly described here to give lay people serving on plan- 
ning commissions an idea of factors to be considered. 
Also, consulting engineers can use this information in 
Screening potential sites that require onsite investiga- 
tion. 

Sites for these facilities require careful evaluation. 
Only а few landfills are generally needed, but many 
soils in the county are not suitable for this purpose. 
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The less suitable soils can be used if special precau- 
tions are taken to overcome the hazards and limita- 
tions. Use of the soils for sanitary landfills is evaluated 
in table 7. 

Soils in community development groupings 5, 6, and 
8 are most favorable for sanitary landfills. All but De- 
rinda, Schapville, and Shullsburg soils formed in a 
thick mantle of loess or glacial till. They have moderate 
to moderately slow permeability. The compacted per- 
meability is medium to low. Some of the soils in group 
5 have some seepage that can cause wetness in deep 
trenches. These soils could provide a well-sealed base 
to any landfill. Some of the soils in group 8 are too steep. 

Most of the other groupings have severe limitations 
or are unsuited to sanitary landfill for these reasons: 
flood hazard in group 1; permanent or seasonal water 
table in group 2; rapidly permeable substratum in 
group 3; depth to bedrock is 1 foot to 3 feet in group 4 
and in some of the soils in group 7; and steepness of 
slope in groups 7, 8, and 9. 


Sewage lagoons 


Sewage lagoons are needed in some of the develop- 
ments that are not near municipal disposal systems or 
that are in communities that use lagoons as part of 
their systems. Degree and kind of limitation of each 
soil if used for lagoons is given in table 7. Soils in 
community development groups 5 and 6 are most fa- 
vored for this use because they are deep, especially 
those in group 5 that have moderately slow or slow 
permeability. The rest of the groups have severe limita- 
tions and are unsuitable for sewage lagoons for these 
reasons: flood hazard in group 1; water table in group 
2; soil shallow over bedrock or bedrock residuum in 
groups 3 and 7; steepness of slope in groups 7, 8, and 
9; and special sealing needed in group 3. 


Outdoor recreation grouping 


This section deals specifically with use of the soils 
for intensive play areas, camp and picnic areas, and 
paths and trails. Suitable sites are also indieated for 
outdoor classrooms. 

Camp areas are used intensively for tents and small 
camp trailers and the accompanying activities of out- 
door living. Little preparation of the site is required, 
other than shaping and leveling for tent and parking 
areas. Camp areas are subject to heavy foot traffic and 
limited vehicular traffic. The best soils have mild slopes, 
good drainage, a surface free of rocks and coarse frag- 
ments, freedom from flooding during periods of heavy 
use, and a surface that is firm after rains but not dusty 
when dry. 

Playgrounds are areas used intensively for baseball, 
football, badminton, and similar organized games. Soils 
suitable for this use need to withstand intensive foot 
traffic. The best soils have a nearly level surface 
free of coarse fragments and rock outcrops, good drain- 
age, freedom from flooding during periods of heavy 
use, and a surface that is firm after rains but not dusty 
when dry. If grading and leveling are required, depth 
to rock is important. 

Picnie areas are attractive natural or landscaped 
tracts used primarily for preparing meals and eating 
outdoors. These areas are subject to heavy foot traffic. 
Most of the vehicular traffic, however, is confined to 
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access roads. The best soils are firm when wet but not 
dusty when dry; are free of flooding during the season 
of use; and do not have slopes or stoniness that greatly 
increase cost of leveling sites or of building access 
roads. 

Paths and trails are used for local and eross-country 
travel by foot or horseback. Design and layout should 
require little or no cutting and filling. The best soils 
are at least moderately well drained, are firm when wet 
but not dusty when dry, are flooded not more than once 
during the season of use, have slopes of less than 18 
percent, and have few or no rocks or stones on the 
surface. 

The main soil limitations considered in the group- 
ings are wetness, flooding, slope, texture of surface 
layer, and presence of coarse material or rock outcrop 
on the surface. These limitations are identified and 
rated as slight, moderate, or severe. Other characteris- 
ties are also listed, but not all are rated. Some of the 
severe limitations can be corrected or adjusted for in 
the layout of recreation areas. Preventive measures 
should be taken to control limitations rated moderate. 
Soils that have only slight limitations require little or 
no attention. 

Sewage facilities are not considered in this section, 
but are needed in the overall use of any facility. In 
some of the groupings the use of sewage absorption 
facilities is severely limited. The information given in 
table 7 should be checked. Many of these soils have 
natural woodland that can be used for hiking trails or 
outdoor classrooms. Refer to the woodland section for 
guidance in developing these sites. 

Soils that have common characteristics are grouped 
as they affect these recreation uses in about the same 
way. À description of each of the 13 groups follows. 


OUTDOOR RECREATION GROUP 1 


This group consists of very frequently flooded and 
frequently flooded Chaseburg, Colo, McPaul, and Orion 
soils and Alluvial land: These soils range from well 
drained to poorly drained. They occupy all parts of 
natural drainageways. Permeability is moderate or 
moderately slow. Except for Alluvial land, texture is 
medium and moderately coarse. 

The hazard of flooding severely limits use of these 
soils for permanent campsites, picnic areas, or play- 
grounds. Flooding is hazardous to life, and although 
trails ean be planned in some areas, precautions need 
to be taken against flash flooding. Wetness also severely 
limits the use of Colo and Orion soils. 

Soils in this group provide sites for environmental 
studies on the evolution of flood plains and the kinds 
of sediment in which they formed. Some areas of Allu- 
vial land are ideal for rock collectors because small 
stones are scattered over the surface. 


OUTDOOR RECREATION GROUP 2 


This group consists of infrequently flooded, well- 
drained to somewhat poorly drained, level soils of the 
Ankeny, Lawson, Radford, and Zumbro series. These 
soils are on the more elevated parts of flood plains that 
are more distant from natural stream channels. Flood- 
ing is infrequent, but is most likely following periods 
of extensive snowmelt or after very heavy seasonal 
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rain. Radford soils flood somewhat more frequently 
than the other soils. 

The hazard of flooding is moderate for playgrounds, 
picnic areas, or camping areas. This hazard is signif- 
icant, but some developments can be established be- 
cause floods are infrequent. Most of these soils are 
in scenic valleys and are protected from prevailing 
winds. Evacuation plans should be developed in the 
event of a serious flood. 

Lawson.and Radford soils are somewhat poorly 
drained and have moderate limitations. Runoff remains 
longer than on the other soils and causes campsites to 
be wet and some access roads that service picnic áreas, 
campsites, and playgrounds to be soft. More surface 
drainage, such as shallow waterways, is needed to 
remove the slow runoff from rain showers. Roads re- 
quire a firm base because of potential softening of the 
surface layer in very wet periods. 


OUTDOOR RECREATION GROUP 3 


This group consists of poorly drained and very poorly 
drained, nearly level soils of the Biscay, Bremer, Ca- 
nisteo, Garwin, Houghton, and Maxfield series and 
Marsh. These soils occupy flood plains and drainage- 
ways or sides of drainageways. À seasonal or perma- 
nent water table is at à depth of less than 4 feet and 
severely limits any potential recreation development. 
Runoff is slow or very slow. Most areas are frequently 
very wet, and some areas are ponded for brief periods. 
Access roads are difficult to maintain because the sur- 
face layer is soft and has very low bearing strength. 
Frost heaving is common also. 

The hazard of flooding severely limits the use of most 
Soils in this group, although flooding is infrequent. The 
Maxfield and Garwin soils in swales are more fre- 
quently flooded than the other soils. 

Dugout ponds can be easily developed in these areas 
because the water table is high. These soils can be used 
for waterfowl.habitat or as an aquatic outdoor study 
area. Because some soils that have a seasonal water 
table tend to dry out during part of the summer, holes 
should be bored to the desired depth for a pond, and 
the water level should be observed for a period before 
construction. 


OUTDOOR RECREATION GROUP 4 


This group consists of moderately well drained soils 
of the Joy, Kasson, Klinger, Shullsburg, Skyberg, and 
Vasa series. Most of these soils are nearly level to 
gently sloping, but Shullsburg soils have slopes of as 
much as 14 percent. 'These soils are on crests and sides 
of drainageways on broad uplands. Permeability is 
` or moderately slow. Runoff is medium or 
slow. 

Wetness is a moderate limitation if these soils are 
used for campsites, ріспіс areas, or playgrounds. Dur- 
ing very wet periods, the surface layer is commonly soft 
and has very low bearing strength. Strength can be 
added by using gravelly material as a base for access 
roads and parking areas. Campsites are likely to re- 
main wet longer and surface drainage, such as water- 
ways, should be considered. The hazard of frost heaving 
is very common in all road and parking areas. 

Most areas are farmed and lack permanent natural 
vegetation. Trees can be reestablished in many areas. 
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OUTDOOR RECREATION GROUP 5 


This group consists of deep, well-drained soils of 
the Lindstrom, Mt. Carroll, Ostrander, Port Byron, 
Racine, Seaton, Terril, and Timula series. These soils 
are mostly nearly level to gently sloping. They are 
mainly on high crests or summits on uplands, but some 
are on benches or foot slopes. They are medium tex- 
tured. Permeability is moderate. Runoff is medium. 

These soils have slight or no limitations that affect 
use for playgrounds, picnic areas, campsites, and trails. 
The silt loam surface layer affects trafficability because 
it can be slippery when wet and very dusty when dry. 
During very wet periods all soils of this group are 
commonly soft; therefore all access roads and parking 
areas should have a gravel surface for adequate 
strength. 

Some of these soils, such as Racine and Seaton soils, 
have stands of timber that provide excellent outdoor 
facilities. Permanent vegetation can be reestablished 
in many areas. 


OUTDOOR RECREATION GROUP 6 


This group consists of deep, well-drained, sloping to 
steep soils of the Lindstrom, Mt. Carroll, Port Byron, 
Ostrander, Racine, Seaton, Terril, and Timula series. 
These soils are mostly on side slopes between crests 
and small drainageways on uplands or on foot slopes 
below very steep soils such as those on valley walls. 
Some are on side slopes above valley walls. These soils 
are mostly medium textured. Permeability is moderate. 
Runoff is medium to rapid. 

The steepness of slope is the major limitation. It is 
severely limiting to playgrounds, is moderately to se- 
verely limiting to picnic areas and campsites, and is 
slightly limiting to trails. Slope primarily affects instal- 
lation, and where practical all facilities should be on 
the contour, especially access roads. All access roads 
should be gravelled as they tend to become dusty 
when dry or slippery when wet. Although erosion and 
runoff are not considered limitations, they need to be 
controlled in these areas. Some runoff can be stored 
in impoundments. The local Soil Conservation District 
office can assist in planning a layout to accommodate 
various recreation facilities. 

Some of these soils are wooded and can be developed 
as natural areas, especially the Racine and Seaton soils. 


OUTDOOR RECREATION GROUP 7 


This group consists of well drained and somewhat 
excessively drained, nearly level and gently sloping soils 
of the Copaston, Dodgeville, Dubuque, Eleva, Gale, and 
Whalan series. These soils are mostly on crests of nar- 
row upland ridges. They are medium textured and mod- 
erately coarse textured, and the depth to limestone or 
sandstone ranges from 20 to 40 inches. Permeability 
is moderate or moderately rapid. Runoff is medium. 

The underlying bedrock severely limits the develop- 
ment of playgrounds and moderately limits picnic areas 
and campsites. The main concern is to avoid extensive 
grading. These soils are slightly limited for trails. Con- 
trol of runoff and erosion and a better overall utiliza- 
tion of a site can be obtained if all development is 
on the contour. Assistance is available from the local 
Soil Conservation District office for layout that helps 
control erosion and runoff. 
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Some soils, such as Eleva, Dubuque, and Whalan 
soils, have never been cultivated and have some natural 
woodland. These areas can be developed for outdoor 
classrooms. 


OUTDOOR RECREATION GROUP 8 


This group consists of well-drained and moderately 
well drained, sloping to moderately steep soils of the 
Copaston, Derinda, Dodgeville, Dubuque, Eleva, Schap- 
ville, and Whalan series. These soils are mostly on the 
upper sides of narrow upland ridges, just above very 
steep soils on valley walls. They are mostly medium 
textured and moderately coarse textured, and the depth 
to bedrock ranges from 20 to 40 inches. Derinda and 
Schapville soils are moderately fine textured to fine 
textured. Permeability is mostly moderate. Runoff is 
medium to rapid. 

The steepness of slope and depth to bedrock are 
severe limitations for playgrounds and moderate to 
severe limitations for campsites and picnic areas. The 
limitation for trails is slight. All facilities should be on 
the contour as much as possible for better control of 
runoff and erosion and better overall utilization of these 
Sites. Assistance is available from the local Soil Con- 
servation District office for layout that helps control 
erosion and runoff. 

Some soils in this group have never been cultivated 
and are either natural prairies or woodland. 


OUTDOOR RECREATION GROUP 9 


This group consists of well drained and moderately 
well drained, steep to very steep soils of the Bold, 
Copaston, Derinda, Dubuque, Racine, Schapville, Sea- 
ton, Sogn, Timula, and Whalan series. These soils are 
mostly on sides of walls of entrenched drainageways 
or deep ravines, but some are on foot slopes or walls 
of stream valleys. These soils are mostly medium tex- 
tured, but Schapville soils are moderately fine textured. 
Тһе depth to bedrock is shallow or very deep. Permea- 
bility is moderate in most of these soils but is slow in 
Derinda and Schapville soils. Runoff is rapid. 

The steepness of slope severely limits such uses as 
campsites, picnic areas, and playgrounds and moder- 
ately limits trails. Control of erosion and runoff is 
needed. Where needed, access roads should be on the 
contour. Trails should be on the contour because they 
provide scenic walks for people of most ages, especially 
where some scenic overlooks are available. Most areas 
are natural woodland, and some that are in pasture 
can be replanted to woodland. 


OUTDOOR RECREATION GROUP 10 


This group consists of well-drained soils of the Alvin, 
Billett, Dakota, Dickinson, Kegonsa, Fairhaven, and 
Waukegan series. They are nearly level to gently slop- 
ing. These soils are mostly on benches along streams, 
but some are on uplands. These soils are mostly medium 
textured or moderately coarse textured and have sand 
or gravel at a depth of 20 to 40 inches. Permeability 
E moderate or moderately rapid. Runoff is slow to me- 

ium. 

These soils have slight or no limitations for play- 
grounds, pienic areas, campsites, and trails. The Fair- 
haven, Kegonsa, and Waukegan soils have a silt loam 
surface layer that commonly is slippery when wet and 
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very dusty when dry. Most facilities require some 
gravel for access roads and parking. 

Most areas are in stream valleys and are good set- 
tings for campsites or picnic areas. They do not pro- 
vide much permanent vegetation, although some can be 
established. They are near flood-plain soils or very steep 
soils that have a heavier cover of vegetation. 


OUTDOOR RECREATION GROUP 11 


This group consists of nearly level and gently slop- 
ing, excessively drained to somewhat excessively 
drained soils of the Burkhardt, Estherville, Gotham, 
Lilah, Plainfield, Salida, and Sparta series. These soils 
have a mostly coarse textured surface layer and sub- 
soil. Much runoff is absorbed because permeability is 
moderately rapid to very rapid. 

These soils have mostly moderate or slight limitations 
that affect use for campsites, picnic, or playground 
areas. Soils that have a sandy surface layer, such as 
Gotham, Plainfield, and Sparta soils, have the most 
limitations and are likely to be loose and cause prob- 
lems in trafficability. In open areas these soils are com- 
monly subject to soil blowing. The surface layer of 
Salida soils is gravelly and contains many stones, 
and in some places, campsites or playgrounds are diffi- 
cult to install. Most access roads and parking areas 
are fairly easy to maintain and require little or no 
grading and little or no gravel on the surface. 

These soils are droughty and can only support 
limited vegetative cover. They are suited to specific 
kinds of trees. 


OUTDOOR RECREATION GROUP 12 


This group consists of excessively drained and well 
drained, very steep soils of the Bellechester, Brodale, 
Frontenac, Marlean, and Sogn series. These soils are on 
walls of most stream valleys or deep ravines. They are 
medium textured or coarse textured. Permeability is 
rapid to moderate. Runoff is rapid or very rapid. 

The steepness of slope severely limits all recreation 
uses, such as campsites, picnic areas, playgrounds, and 
trails. Some steep, rigorous trails can be established, 
but the number of trails should be minimized because 
of potential increases in runoff. 

These areas can be used for nature studies because 
some unique plants grow on them. On most south- 
facing and west-facing slopes, mostly the Bellechester, 
Brodale, and Sogn soils, the microclimate is very warm 
and dry. Warm-season grasses grow in these areas, 
and tree growth is limited. The other soils are mostly 
on north-facing and east-facing slopes and are much 
cooler and moister. Much of the native hardwood forest 
is in these areas. 


OUTDOOR RECREATION GROUP 13 


This group consists of well-drained to excessively 
drained, sloping to steep soils of the Billett, Dickinson, 
Estherville, Fairhaven, Gotham, Kegonsa, Lilah, Plain- 
field, and Salida series. These soils are on escarpments 
along benches of streams or on foot slopes at the base 
of valley walls. They are medium textured to coarse 
textured. Permeability is very rapid to moderate. Run- 
off is slow to rapid, although much of it is absorbed. 

The steepness of slope severely limits uses such as 
picnic areas, playgrounds, and campsites, especially 
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where slopes are more than 12 percent. Less sloping 
areas are more favorable for these uses. The loose 
sandy surface layer of Gotham and Plainfield soils is 
moderately limiting because it makes hiking or other 
travel difficult. These soils are very susceptible to ero- 
sion, especially gullying where runoff collects. Runoff 
from developed sites is faster and heavier because the 
natural soil is disturbed. Much of the runoff gets into 
Stream channels. More of these areas should be left 
in permanent vegetation. 


Formation and Classification 


of the Soils 


This section consists of two main parts. The first 
part explains how factors of soil formation have af- 
fected the development of soil classification currently 
used and places the soil series in classes of that system. 


Factors of Soil Formation 


Soil is formed by weathering and other processes 
that act upon parent material The characteristics of 
the soil at any given point depend upon the physical 
and mineral composition of the parent material; 
the climate under which the soil material has accumu- 
lated and existed since accumulation; the plant and 
animal life on and in the soil; the relief, or lay of the 
land; and the length of time the forces of soil forma- 
tion have acted on the soil material. 

Climate and plant and animal life, chiefly plants, 
are active factors of soil formation. They act on the 
parent material that has accumulated through the 
weathering of rocks and slowly change it to a natu- 
ral body that has genetically related horizons. Тһе 
effects of climate and plant and animal life are con- 
ditioned by relief. The parent material also affects the 
kind of soil profile that is formed and, in extreme 
cases, determines it almost entirely. Finally, time is 
needed for changing the parent material into a soil 
profile. It may be much or little, but some time is 
always required for differentiation of soil horizons. 
Usually a long time is required for the formation of 
distinet horizons. 

The factors of soil formation are so closely inter- 
related in their effects on the soil that few generaliza- 
tions can be made regarding the effect of any one factor 
unless conditions are specified for the other four. Many 
of the processes of soil formation are unknown. 


Parent material 


The soils of Goodhue County formed mainly in loess, 
glacial till, glacial outwash, alluvium, and bedrock or 
its residuum. Loess, basically a silty material, covers 
most areas of the county. It occurs as two different 
materials. The first is a fine loess averaging 20 to 40 
inehes in thickness. It is dominantly particles less 
than 20 microns in diameter and is the uppermost in a 
sequence of deposits on the upland areas of most of 
the county. Underlying this fine loess is a coarse loess 
that is dominantly particles coarser than 20 microns in 
diameter. The coarse silt and very fine sand are mainly 
on the broad uplands. Port Byron soils are an example 
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of soils formed in this material. The loess ranges from 
4 to 10 feet to as much as 80 feet in thickness adjacent 
to some river valleys. The principal loess areas are 
around the Cannon and Mississippi River tributaries. 
The loess is lacking next to most of the principal 
streams and in large areas west and southwest of Can- 
non Falls. In the southwestern and western areas of 
the county, the loess thins to 24 to 40 inches (3). 

Glacial till underlies the loess in most of the southern 
two-thirds of the county at a depth of 2 to 8 feet. Soils 
such as Klinger soils formed in 24 to 40 inches of loess 
over glacial till. In some areas Garwin soils formed in 8 
feet of loess, and the underlying material commonly 
has glacial till at this depth. The upper 24 to 40 inches 
of this loess is fine particles dominantly less than 20 
microns in diameter. 

Outwash and alluvial sediments are in most stream 
valleys or tributaries. The outwash deposited from ear- 
lier glacial periods is generally more than 10 feet thick. 
In some areas, soils such as Fairhaven soils have 20 
to 50 inches of loamy or silty material over sand and 
gravel. Other soils, such as Salida soils, are gravelly 
or sandy to the surface. The alluvium in stream bot- 
toms is cobbly to silty. Part of the sediment is recent 
deposition from eroding farmland. The composition of 
the alluvium varies with the landscape. Most soils along 
drainageways on uplands, such as the McPaul soils, 
have approximately 10 to 60 inches of recent silty 
sediment. They are largely silt loams and range from 
10 to 18 percent clay. They also contain some thin 
strata of sand. Below this are buried soils, made up 
of loam, silt loam, silty clay loam, or strata of sandy 
or gravelly sediment. These drainageways have slopes 
that mainly range from 1 to 4 percent, but the drain- 
ageways that extend through areas of steep and very 
steep soils on valley walls along the major streams have 
slopes that range from 3 to 12 percent. The alluvium 
here is largely fragmented or cobbly material deposited 
by runoff from high-velocity floods. Near the large flood 
plains, where most of these drainageways terminate, 
the sediment is sandy or silty. Many of these areas 
are alluvial. 

Alluvium in major flood plains is of both recent 
and older sediment. The sediment is thickest in the 
path of side-valley tributaries or in areas adjacent to 
a stream channel. The parts of the flood plains that 
are at higher elevations and are farther from stream 
channels consist of older alluvium, as in the Bremer 
soils. The recent sediment is very thin or is absent in 
these areas. Some flood plains are made up mainly 
of sandy material. 

Bedrock material is also a part of soils as it occurs 
as outcroppings on valley walls and on narrow upland 
divides. In places, it is weathered to a clayey residuum 
or a cobbly debris such as in Frontenac soils. The ma- 
jor formations are the Oneota Limestone and Jordan 
Sandstone, which outcrop along very steep hillsides 
near the Mississippi River and some of the key tribu- 
taries. Outcroppings of the Oneota Limestone, Shako- 
pee Limestone, and St. Peter Sandstone occur farther 
upstream from these areas and extend across northern 
and midcentral and southeastern parts of Ше county. 
Outcrops of Platteville Limestone, Decorah Shale, and 
Galina Limestone start in the vicinity of Belle Creek 
Township and extend west and south from that area. 
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For more information regarding extent and more 
precise locations, refer to geological maps published by 
the University of Minnesota Geological Survey (8). 


Climate 


Climate is a major factor in determining the kinds 
of soils that form from different kinds of parent ma- 
terial. It determines the vegetation and influences the 
rate and intensity of the physical, chemical, and biologi- 
cal relationships in the soil profile, chiefly through the 
effects of precipitation and temperature. In turn, the 
effects of climate and vegetation vary according to the 
topography and the length of time the parent material 
has been in place. 

The climate is essentially uniform throughout Good- 
hue County. It is described in detail in the section 
“General Nature of the County." The entire county is 
warm in summer and very cold in winter, although the 
very steep south-facing and west-facing slopes tend 
to be comparatively sunny, warm, and very dry. 


Plants and animals 


Plants and animals, and particularly plants, are 
among the key factors in the formation of soils of 
Goodhue County. Most of these soils formed under 
deciduous hardwood forest, and a lesser acreage formed 
under prairie. A few soils that have very young profiles 
are essentially unweathered and are not influenced 
greatly by either kind of vegetation. Most of these 
soils are on flood plains in recent alluvium. 

Soils formed under deciduous hardwood forest show 
considerable leaching in the upper part of the profile. 
Most soluble minerals are removed from the solum. 
А large amount of clay particles are translocated from 
the A horizon into the B horizon. They accumulate 
as films on ped faces and as threads in fine pores in the 
B horizon. They usually appear dark and shiny. 

Soils formed under forest, such as Seaton soils, have 
a thin dark A1 horizon. Below this is an ashy or gray- 
ish A2 horizon. The main part of the B horizon is the 
B2t horizon, which is the zone of greatest clay accu- 
mulation. À B3 horizon may occur as a transition to 
the parent material or C horizon. 

Soils formed under prairie, such as Port Byron soils, 
are also leached, but they do not have the movement of 
clay as do soils formed under the hardwood forests. 
Not all prairie soils are leached, and some contain 
small amounts of calcium carbonate in the profile. Some 
soils, such as Mt. Carroll soils, show displacement of 
fine clay and are regarded as soils intergrading between 
prairie and forest soils. The surface layer of a prairie 
Soil is about 10 to 24 inches thick. It is usually sub- 
divided into an А1 horizon and ап АЗ horizon. The АЗ 
horizon is thin and transitional to the B horizon. 


Relief 


Relief, through its effect upon drainage, aeration, 
and erosion, is an important factor in the formation of 
soils. The importance of relief is apparent in the very 
steep soils of Goodhue County that adjoin river ter- 
races. Runoff is more rapid from steep soils than from 
nearly level soils, and much of the soil material is likely 
to be washed away before a profile forms. Less water 
also percolates through the steep soils, and some of 
them, such as the Brodale and Sogn soils, have free 
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lime aecumulations in the upper part of the profile. 
The soils in swales and other low areas are wet dur- 
те much of the growing season. They receive more 
water than can percolate through them, and they are 
sometimes leached of salts in the upper part of the 
profile. 


Time 


The soils of Goodhue County vary in maturity, de- 
pending on the length of time the soil-forming forces 
have been active. Most of the soils formed within the 
last 3,000 to 20,000 years. Many soils in the county 
are young because they formed along streams where 
sediment is still being laid down. Soils such as Marsh 
are young because they formed in thin layers of or- 
ganic material. Very young soils such as the Chaseburg 
soils formed or are forming on the flood plain in recent 
sediment, 


Classification of the Soils 


Classifieation consists of an orderly grouping of 
soils according to a system designed to make it easier 
to remember soil characteristics and interrelationships. 
Classification is useful in organizing and applying the 
results of experience and research. Soils are placed in 
narrow classes for discussion in detailed soil surveys 
and for application of knowledge within farms and 
fields. The many thousands of narrow classes are then 
grouped into progressively fewer and broader classes in 
successively higher categories, so that information can 
be applied to large geographic areas. 

The system of classifying soils used in the United 
States in recent years was developed in the early 1960's 
(4) and was adopted in 1965 (6). It is under continual 
study. 

The current system of classification has six cate- 
gories. Beginning with the most inclusive, these cate- 
gories are the order, the suborder, the great group, the 
subgroup, the family, and the series. The criteria for 
classification are soil properties that are observable or 
measurable, but the properties are selected so that 
soils of similar genesis are grouped together. The place- 
ment of some soil series in the current system of classi- 
fieation, particularly in families, may change as more 
precise information becomes available. 

Table 9 shows the classification of the soil series 
of Goodhue County by family, subgroup, and order, 
according to the current system. 

ORDER.—Ten soil orders are recognized. The prop- 
erties used to differentiate among soil orders are those 
that tend to give broad climatic groupings of soils. 
The two exceptions to this are the Entisols and His- 
tosols, which occur in many different climates. The five 
orders represented in Goodhue County are Inceptisols, 
Entisols, Mollisols, Alfisols, and Histosols. Entisols are 
young mineral soils that have only the beginnings of 
genetic horizons or none. Inceptisols are young min- 
eral soils in which horizons have definitely started to 
form. Mollisols formed mostly under grass, and they 
have a thick, dark-colored surface layer. Alfisols have a 
clay-enriched B horizon that is low in base saturation. 
Histosols are organic soils. 

SUBORDER.— Each order is divided into suborders that 
are based primarily on those soil characteristics that 
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seem to produce classes with the greatest genetic sim- 
ilarity. The suborders narrow the broad climatic range 
permitted in the orders. The soil properties used to 
separate suborders are mainly those that reflect either 
the presence or absence of waterlogging or soil dif- 
ferences resulting from the climate or vegetation. 

GREAT GROUP.-Each suborder is divided into great 
groups on the basis of uniformity in the kinds and 
sequence of major soil horizons and features. The hori- 
zons used to make separations are those in which clay, 
iron, or humus have accumulated; those that have pans 
that interfere with growth of roots, movement of water, 
or both; and thick, dark-colored surface horizons. The 
features used are the self-mulching properties of clay, 
soil temperature, major differences in chemical compo- 
sition (mainly calcium, magnesium, sodium, and po- 
tassium), dark-red and dark-brown colors associated 
with basic rocks, and the like. The names of great 
groups have three or four syllables and are made by 
adding a prefix to the name of the suborder. An example 
is Haplaquoll. 

SUBGROUP.—Each great group is divided into sub- 
groups, one representing the central (typic) segment of 
the group, and others, called intergrades, that have 
properties of the group and also one or more properties 
of another great group, suborder, or order. Subgroups 
may also be made in those instances where soil prop- 
erties intergrade outside of the range of any other 
great group, suborder, or order. The names of sub- 
groups are derived by placing one or more adjectives 
before the name of the great group. 

FAMILY.—Soil families are established within a sub- 
group primarily on the basis of properties important 
to the growth of plants or on the behavior of soils when 
used for engineering. Among the properties considered 
are texture, mineral composition, reaction, soil temper- 
ature, permeability, thickness of horizons, and con- 
sistence. A family name consists of a series of adjectives 
preceding the subgroup name. 

SERIES.— The series consists of a group of soils that 
formed from a particular kind of parent material and 
that have genetic horizons that are similar in differ- 
entiating characteristics and in arrangement in the 
profile. 


General Nature of the County 


This section is provided mainly for those who are not 
familiar with the county. It describes the topography 
and climate and gives general statistics on farming in 
the county. 


Topography 


Goodhue County is dissected by a very detailed and 
intricate pattern of creeks or rivers and their numerous 
tributaries, all leading to the Mississippi River. Most 
parts of the county have some system of natural sur- 
face drainage. Topography ranges from very steep in 
numerous entrenched river and creek valleys to gently 
sloping and nearly level on the broad uplands. Most 
valleys of rivers and tributaries near the Mississippi 
River have a difference of 350 to 400 feet in elevation. 
In more distant areas elevations vary from 150 to 250 
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TABLE 9.— Soil series classified. according to current system of classification 
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Series Family Subgroup Order 

А ی کی‎ аа 20 Coarse-loamy, mixed, mesic--------------------------------- Туре Hapludalfs-------------- Alfisols. 
Ankeny------------------- Coarse-loamy, mixed, тевїс---.------------------------------ Cumulic Hapludolls......... --.| Mollisols. 
Bellechester. .............. Sandy, mixed, mesic____----------------------------------- Entic ۲۱2۸000118 ------------- Mollisols. 
Billett T. Coarse-loamy, mixed, mesic--------------------------------- Mollie Hapludalfs. ------------ Alfisols. 
Biseay-------------------- Fine-loamy over sandy or sandy-skeletal, mixed, mesic- ........ Typic Haplaquolls............. Mollisols. 
Воја e2 а Coarse-silty, mixed, calcareous, mesic_______----------------- Турс Udorthents. ............ Entisols. 
Втешег.------------ Fine, montmorillonitic, тезіс--.....-....-.................. Турс AÁrgiaquolls. ............ Mollisols. 
Brodale................... Loamy-skeletal, carbonatic, mesic- -------------------------- Typic Hapludolls......... -----| Mollisols. 
Burkhardt- .-------------- Sandy, mixed, mesic -------------------------------------- Турс Haplagquolls------------- Mollisols. 
Canisteo _----------------- Fine-loamy, mixed, calcareous, mesic..____------------------- Typic Haplaquolls..____ Mollisols. 
Chaseburg---------------- Coarse-silty, mixed, mesic, nonacid -------------------------- Typic Udifluvents__________.__ Entisols. 

0 کک ا‎ Fine-silty, mixed, mesic______________________ Cumulic Haplaquolls______.__.. Mollisols. 
Copaston 1. با‎ Loamy, mixed, mesic -.--—--------------------------------- Lithic Hapludolls.............. Mollisols. 
Dakota... -------------- Fine-loamy over sandy or sandy-skeletal, mixed, mesic......... Typic Argiudolls- ------------- Mollisols. 
Derinda ------ Fine, mixed, 10681622 ----------------------------- Туре Hapludalfs________..__.. Alfisols. 
Dickinson................. Coarse-loamy, mixed, mesic uuu Турс Hapludolls.............. Mollisols. 
ПодреуШе]_.___._.___.__- Fime-silty over clayey, mixed, mesic__-.---------------------- Туре ۸۳۵000118 -------- Mollisols. 
Dubuque------------------ Fine-silty, mixed, mesic_..___..-.-------------------------- Typic Нарјидана____________- Alfisols. 
Eleya_________ —À Coarse-loamy, mixed, шезс. ш------------------------ Турс Hapludalfs............... Alfisols. 
Estherville. ---------- Coarse-loamy over sandy or sandy-skeletal, mixed, mesic... Туре Hapludolls.............. Mollisols. 
Fairhaven----------------- Fine-loamy over sandy or sandy-skeletal, mixed, 1653۵ Typic Hapludolls.............. Mollisols. 
Frontenac Fine-loamy, mixed, mesic_.._..___.------------------------- Typic Hapludolls-.------------- Mollisols. 

E ле Fine-silty over sandy or sandy-skeletal, mixed, mesic........... Typic Hapludalfs-------------- Alfisols. 
Сату. а a Fine-silty, mixed, mesic. „---------------------------------- Typic Haplaquolls. ............ Mollisols. 
Gotham------------------- Sandy, mixed, mesic.______.___---------------.---.-------- Psammentic Hapludalfs- ------- Alfisols. 
Houghton1_.________._. Ес, В een ез us Елана Туре Medisaprists__________ Histosols. 
Joy SE на а. Fine-silty, mixed, шевїсб____._.----------------------------- Aquic Hapludolls_____________ Mollisols. 
Kasson Fine-loamy, mixed, тпевїб----------------------------------- Aquollic Нар1чдаїїз------------ Alfisols. 
Kegonsa___._-..-.-.-.---- Fine-silty over sandy or sandy-skeletal, mixed, mesic..........- Mollic Hapludalfs- ------------ Alfisols. 

е ла s anak s Fine-silty, mixed, mesic- ----------------------------------- Aquic Argiudolls.___-_-------- Mollisols. 
Памзоп-.--.-------------- Fine-silty, mixed, mesic uuu Cumulic Hapludolls------------ Mollisols. 
Dalai ts sas Lace setts Sandy, mixed, тезїс-.----.-------------------------------- Psammentic Hapludalfs_______ Alfisols. 
Lindstrom._.___.... Fine-silty, mixed, mesic ----------------------------------- Cumulic Hapludolls. ........... Mollisols. 
Marlean____...-_..------- Loamy-skeletal, mixed, mesic- ------------------------------ Туре Hapludolls.............. Mollisols. 
Maxfield- --------- Fine-silty, mixed, тезїб-„---------------------------------- Турс Haplaquolls------------- Mollisols. 
Мера RE Coarse-silty, mixed, calcareous, mesie. --------------------- Mollie Udifluvents____________ Entisols. 
Mt. Сатто1_--------------- Fine-silty, mixed, тпе8їс----------------------------------- Mollic Hapludalfs- ------------ Alfisols. 
ОНОЙ мај SEE Coarse-silty, mixed, попа 19, mesic ______.__________--__---- Aquic Udifluvents________ Entisols. 
Ostrander_______---------- Fine-loamy, mixed, шевїс-—--.--..-------------------------- Туре Hapludolls.............. Mollisols. 
Plainfield- -------------- Mixed, mesie._._._--------------------------------------- Туре Udipsamments- --------- Entisols. 
Port Вугоп--.------------- Fine-silty, mixed, mesic. uuu Typic Hapludolls_____ Mollisols. 
Racine: 2... Fine-loamy, mixed, шейс ___. Mollic Hapludalfs- ------------ Alfisols. 
ВааЮга1--_-------------- Fine-silty, mixed, mesic- ----------------------------------- Fluventic Hapludolls. .......... Mollisols. 
Salida, oma جرف‎ тасы Sandy-skeletal, mixed, тевїе-.------------------------------ Entic Hapludolls -------------- Mollisols. 
БеваруШе!._.------------- Fine, mixed, шевїе----------------------------------------- Typic AÁrgiudolls. --------- Mollisols. 
Seaton..______------------ Fine-silty, mixed, mesic- -------------------2--------------- Турс Hapludalfs.............. Alfisols. 
Shullsburg t- -------------- Fine, mixed, штевїс----------------------------------------- Aquic Argiudolls- ------------ Mollisols. 
Skyberg------------------- Fine-loamy, mixed, mesic----------------------------------- Udollic Ochraqualfs------------ Alfisols. 
БОР ES Loamy, mixed, mesie. ------------------------------------- Lithic Haplustolls- ------------ Mollisols. 
Sparta а Sandy, mixed, тевїс-—------------------------------------- Entic Hapludolls............... МоШзов. 
Terlan Fine-loamy, mixed, mesic ——.-.----------------------------- Cumulic Hapludolls------------ Mollisols. 
ТИ Sams a A Coarse-silty, mixed, тшевїс---------------------------------- Туре Eutrochrepts............ Inceptisols. 
Nasa oe fot ene Ы Fine-silty, mixed, mesic _.-_.-..--------------------------- Aquollic Hapludalfs____________| Alfisols. 
Waukegan______ Fine-silty over sandy or sandy-skeletal, mixed, mesic........... Typic Hapludolls.............. Mollisols. 
МБА с 2. и = Fine-loamy, mixed, mesic----------------------------------- Турс Hapludalfs________.____ Alfisols. 
ото s l ние Sandy, mixed, тевїеє--.-----.------------------------------ Entic Hapludolls.............. Mollisols. 


1 The following soils in Goodhue County are taxadjuncts because they are outside the range defined for the series: 
Copaston soils have limestone bedrock at a depth of 20 to 40 inches. 
Derinda soils have a darker colored Á horizon. 
Dodgeville soils do not have an ата ће horizon and have a thinner IIB horizon. 
Houghton soils contain more plant fibers, and Houghton muck, seepy, is more sloping. 
Klinger soils do not have an ага с horizon. 
Lilah soils are less acid in the solum and are coarser textured. 
Radford soils have fine stratification throughout. 
Sehapville soils have a thinner solum and do not have a loess mantle. 
Shullsburg soils have grayer colors in the B horizon. 
Sparta soils have a coarse sand content in excess of 20 percent. 
Terril soils are coarser textured in the upper part of the solum and are sandy loam in the lower part. 
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feet near Саппоп Falls and from 60 to 120 feet near 
Wanamingo and Kenyon. The highest part of the county 
is in Cherry Grove Township, where the elevation is 
approximately 1,260 feet; the lowest part is the flood 
plain along the Mississippi River that has an elevation 
of about 680 feet. 


Climate ° 


Goodhue County is near the center of the great land 
mass of the North American continent, and its loca- 
tion is the chief factor in determining its climate. Sum- 
mers are warm. Southerly winds bring warm, moist air 
from the Gulf of Mexico, and this is the season of 
greatest precipitation. Winters are in sharp contrast. 
The land cools rapidly, and solar heating is less effective 
when the days are short and the sun is low on the 
horizon. Prevailing northerly winds cause additional 
cooling. The air masses are relatively dry, therefore 
winter is the season of least precipitation. The climate 
is uniform over the county because there are no sharply 
marked differences in topography. 

Approximately 74 percent, or almost 20.6 inches, of 
the annual precipitation falls from April through Sep- 
tember. Measurable precipitation of 0.01 inch can be 
expected on about 112 days per year, 5 of which will 
have 1 inch or more. Rainfall of about 1% inches ап 
hour can be expected to recur once in two years. Table 
10 lists the highest and lowest precipitation expected 
to occur one year in 10 for each of the 12 months. 
Annual amounts ranged from a low of 12.74 inches in 
1910 to a high of 42.12 inches in 1968. The most pre- 
cipitation occurred in Zumbrota and was 12.94 inches 


5 Ву JOSEPH STRUB, JR. State climatologist, National Weather 
Service, U.S. Department of Commerce. 
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in June of 1914. About 40 thunderstorms occur on the 
average each year, and some are accompanied by hail 
and damaging winds. Nine tornadoes were reported in 
Goodhue County during the period 1916—1971. 

Drought oecurs whenever the supply of water for 
crops, either in the form of rainfall or soil moisture, 
becomes inadequate. Each day that there is inadequate 
moisture in the root zone is defined as a drought day. 
Severe drought conditions have occurred in 4 years 
between 1931—1970 in southeast Minnesota; 1934 was 
the worst, and other years were 1931, 1940, and 1964. 

The mean temperature of the winter months of De- 
cember, January, and February is 17.1? F. The cold 
winters were 1916-1917 and 1985-1936 when the av- 
erage temperature was 8.8? and 9.19, respectively. 
Almost all winters average 3 to 4 days that have a 
reading of —20° or lower. The first measurable snow- 
fall occurs early in November 2 years out of 10, and the 
last occurs in April 2 out of 10 years. Annual snowfall 
averages 34,3 inches. The extreme ranged from 9.7 in 
1967-1968 to 70.1 in 1985-1936. Information on snow 
cover and average depths is given in table 10. 

The mean temperature of the summer months of 
June, July, and August is 68.5°, and daily maximums 
are in the lower 80's and daily minimums are in the 
upper 50's. Temperatures of 100? or more occur about 
1 т 5 years, and 90? or more about 17 times a year. 
The all-time highest recorded temperature was 109? 
on July 14, 1936; the lowest was —45? on January 30, 
1951. 

The freeze-free period is long enough so that the 
staple crops of the county reach maturity without dan- 
ger from frost. The probability of certain temperatures 
occurring in the spring and fall is shown in table 11 
(2). For example, 5 years out of 10, or 50 percent of 
the time, а temperature of 32? or lower can be expected 


TABLE 10.—Temperature and. precipitation 
[All data recorded at Zumbrota. Based on the normal period 1941-1970, except data for snow cover based on the period 1903-1970] 


Temperature Precipitation 
Average Extreme One year in 10 will have— Days with Average 
Month Average snow cover | depth of 
monthly 1 inch or snow on 
Daily Daily Monthly Monthly total Less than— | More than— more days with 
maximum | minimum maximum minimum snow cover 

°F °F °F °F Inches Inches Inches Number Inches 
January.......... 24.0 3.3 41.9 —24.9 0.70 0.15 1.94 26 6 
February......... 28.7 6.8 45.3 —18.2 .56 .15 1.60 21 8 
39.4 18.7 60.3 —5.6 1.40 .47 2.62 21 7 

57.9 33.6 78.6 19.7 2.41 . 72 4.04 1 0 

70.4 44.9 87.5 28.0 3.47 1.55 5.55 0 0 

79.2 55.3 92.3 39.2 4.66 2.03 8.40 0 0 

84.5 59.0 94.8 45.5 4.23 1.14 6.48 0 0 

82.8 57.2 93.6 41.7 3.48 1.40 5.33 0 0 

September........ 72.9 47.9 88.0 29.0 3.34 1.10 7.03 0 0 

Ocetober..___ 63.1 37.9 77.8 20.3 2.30 .66 4.23 (1) 0 
November........ 42.7 24.1 63.4 1.8 1.08 .15 2.84 4 4 
December. ....... 28.9 10.8 48.2 —15.8 .96 .19 1.78 18 5 

Year. ......... ‘| 56.2 33.3 296.0 3—26.8 28.50 20.28 34.74 91 


1 Less than 0.5 day. 
2 Average annual highest temperature. 
š Average annual lowest temperature. 
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TABLE 11.—Probabilities of last freezing temperature in spring and first in fall 
[All data recorded at Zumbrota] 


Dates for given probabilities and temperatures 


Probability 16° F 20° F 24° F 28° F 32° F 
or lower or lower or lower or lower or lower 

Spring: 

1 year in 10 later than--------------------- April 9 April 23 May 2 May 16 May 28 

2 years in 10 later than- --------------- April 3 April 17 April 26 May 10 May 22 

5 years in 10 later than- ------------------- March 24 April 6 April 16 April 30 May 12 
Fall: 

1 year in 10 earlier than-------------------- October 21 October 12 October 3 September 17 September 11 

2 years in 10 earlier than_._._..._.--------- October 27 October 18 October 8 September 23 September 17 

5 years in 10 earlier (ћап_________---------- November 9 October 30 October 19 October 4 September 26 


to occur after May 12. In the fall the 50 percent prob- 
ability of à temperature of 32? is September 26th. 
Long term records of humidity, cloudiness, and wind- 
speed are not available for Goodhue County but are 
available from National Weather Service stations at 
nearby airports. The following information is based on 
Rochester, Minnesota, records. The average windspeed 
and prevailing wind direction for winter is 12.5 miles 
per hour from the northwest, and for summer is 10.5 
miles per hour from the south-southeast. Noontime 
humidity averages near 59 percent in summer and 59 
percent in winter. In an average year 100 days are 
clear, 95 are partly cloudy, and 170 are cloudy. 


Farming 


Goodhue County is largely rural. In 1970, according 
to Minnesota agricultural statistics, 1,884 farms were 
in the county, and the total land area was about 388,226 
acres. In 1970, approximately 7,572 people lived on 
these farms. The early farms raised wheat, and little 
attention was. paid to any other crops. In 1873 the 
wheat acreage increased to 134,647 acres, the crop was 
3,225,000 bushels, and Red Wing was the largest pri- 
mary wheat market in the world. Grain was hauled to 
Red Wing from as far as Owatonna, Albert Lea, and 
Austin. In the early 1880's, chinch bugs and other pests 
almost caused a complete crop failure, which forced 
farmers to diversify crops and to develop dairy and 
livestock farming. Barley became a leading crop. In 
the 1930's, declining yields, erosion, and barley dis- 
eases caused an increase in alfalfa acreage and a decline 
in small grain acreage. Since that time, the corn crop 
has increased and the amount of alfalfa grown for hay 
has decreased. In the last few years, soybeans as a cash 
crop have increased rapidly. Corn is now the leading 
crop, followed by hay, soybeans, and oats. 

A total of 111,600 acres of corn and 45,300 acres of 
soybeans was harvested for grain in 1971. In that year, 
oats was grown for all purposes on 36,400 acres, and 
hay was cut from 60,400 acres. 

Livestock is a major source of income in Goodhue 
County. In 1969 there were 84,000 cattle and calves, 
47,800 hogs and pigs, and 101,000 chickens. Some sheep 
and turkeys were also raised. 


Literature Cited 


(1) American Association of State Highway Officials. 1961. 
Standard specifications for highway materials and methods 
of Gampling and testing. Ed. 8, 2 pts., illus., Washington, 


(2) Baker, Donald G., and Strub, Joseph H. 1963. Climate of 
Minnesota, part I. Univ. of Minn. Agr. Expt. Sta. Tech. 
Bul. No. 243. 

(3) Foss, J. E., and Rust, R. H. 1962. Soil development in rela- 
tion to loessial deposition in southeastern Minnesota. Soil 
Soc. Amer. Proc. v. 26, 3:270-274. 

(4) Simonson, Roy W. 1962. Soil classification in the United 
States. Sci. 187:1027-1034. 

(5) United States Department of Agriculture. 1951. Soil sur- 
vey manual. Agr. Handb. No. 18, 503 pp., illus. 

(6) 1960. Soil classification, a comprehensive system. 
th approximation. (Supplements issued in March 1967 
and Sept. 1968) 

(7) United States Department of Defense. 1968. Unified soil 
classification system for roads, airfields, embankments and 
foundations. MIL-STD-619B, 30 pp. illus. 

(8) University of Minnesota. 1966. Geological map of Minne- 
sota. Univ. of Minn. Geol. Surv., St. Paul, Minn. 


Glossary 


Alluvial fan. A fan-shaped deposit of sand, gravel, and fine 
material dropped by a stream where its gradient lessens 
abruptly. 

Alluvium. Soil material, such as sand, silt, or clay, that has 
been deposited on land by streams. 

Available water capacity (also termed available moisture ca- 
pacity). The capacity of soils to hold water available for 
use by most plants. It is commonly defined as the difference 
between the amount of soil water at field capacity and the 
amount at wilting point. It is commonly expressed as inches 
of water per inch of soil. 

Bedrock. The solid rock that underlies the soil and other un- 
consolidated material or that is exposed at the surface. 
Caleareous soil. А soil containing enough calcium carbonate 
(often with magnesium carbonate) to effervesce (fizz) vis- 

ibly when treated with cold, dilute hydrochloric acid. 

Chert. Coarse fragments in soil that are angular and less than 
3 inches in diameter. 

Clay. As a soil separate, the mineral soil particles less than 
0.002 millimeter in diameter. As a soil textural class, soil 
material that is 40 percent or more clay, less than 45 per- 
ment sand, and less than 40 percent silt. 

Clay film. A thin coating of clay on the surface of a soil aggre- 
gate. Synonyms: clay coat, clay skin. 

Cobblestone. A rounded or partly rounded fragment of rock, 3 
to 10 inches in diameter. 

Colluvium. Soil material, rock fragments, or both, moved by 
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ereep, slide, or local wash and deposited at the base of 
steep slopes. 

Concretions. Grains, pellets, or nodules of various sizes, shapes, 
and colors consisting of concentrations of compounds, or 
of soil grains cemented together. The composition of some 
concretions is unlike that of the surrounding soil. Calcium 
carbonate and iron oxide are examples of material com- 
monly found in concretions. 

Consistence, soil. The feel of the soil and the ease with which 
a lump can be crushed by the fingers. Terms commonly 
used to describe consistence are— 

Loose.—Noncoherent when dry or moist; does not hold to- 
gether in a mass. 

Friable— When moist, crushes easily under gentle pressure 
between thumb and forefinger and can be pressed to- 
gether into a lump. 

Firm.—When moist, crushes under moderate pressure between 
thumb and forefinger, but resistance is distinctly notice- 
able. 

Plastic—When wet, readily deformed by moderate pressure 
but can be pressed into a lump; will form а “wire” when 
rolled between thumb and forefinger. 

Sticky.—When wet, adheres to other material, and tends to 
stretch somewhat and pull apart, rather than to pull 
free from other material. 

Haord.—When dry, moderately resistant to pressure; can be 
broken with difficulty between thumb and forefinger. 

Soft.—When dry, breaks into powder or individual grains 
under very slight pressure. 

Cemented.—Hard and brittle; little affected by moistening. 

Deep soil. One in which the R horizon is at a depth of 40 inches 
or more. 

Drainage class (natural). Refers to the conditions of frequency 
and duration of periods of saturation or partial saturation 
that existed during the development of the soil, as opposed 
to altered drainage, which is commonly the result of arti- 
ficial drainage or irrigation but may be caused by the sud- 
den deepening of channels or the blocking of drainage 
outlets. Seven different classes of natural soil drainage are 
recognized. 

Excessively drained soils are commonly very porous and 
rapidly permeable and have a low water-holding capacity. 

Somewhat excessively drained soils are also very permeable 
and are free from mottling throughout their profile. 

Well-drained soils are nearly free from mottling and are 
commonly of intermediate texture. 

Moderately well drained soils commonly have a slowly. perme- 
able layer in or immediately beneath the solum. They 
have uniform color in the À horizon and upper part of 
the B horizon and have mottling in the lower part of 
the B horizon and the C horizon. 

Somewhat poorly drained soils are wet for significant periods 
but not all the time, and some soils commonly have 
mottling at a depth below 6 to 16 inches. 

Poorly drained soils are wet for long periods and are light 
gray and generally mottled from the surface downward, 
although mottling may be absent or nearly so in some 
Soils. 

Very poorly drained soils are wet nearly all the time. They 
have a dark-gray or black surface layer and are gray or 
light gray, with or without mottling, in the deeper parts 
of the profile. 

Drift (geology). Material of any sort deposited by geologic 
processes in one place after having been removed from 
another; includes drift materials deposited by glaciers and 
by streams and lakes associated with them. 

Erosion. The wearing away of the land surface by wind (sand- 
blast), running water, and other geological agents. 

Esker (geology). À narrow, winding ridge or mound of strati- 
fied gravelly and sandy drift that was deposited by a 
subglacial stream. 

Fertility, soil. The quality of a soil that enables it to provide 
compounds, in adequate amounts and in proper balance, 
for the growth of specified plants, when other growth factors 
such as light, moisture, temperature, and the physical con- 
dition of the soil are favorable. 

Flaggy soils. Soils that contain thin fragments, 6 to 15 inches 
long, of sandstone, limestone, slate, shale, or schist. 

Flood plain. Nearly level land, consisting of stream sediments, 
that borders a stream and is subject to flooding unless 
protected artificially. 
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Glacial outwash (geology). Cross-bedded gravel, sand, and silt 
deposited by melt water as it flowed from glacial ice. 
Glacial till (geology). Unassorted, nonstratified glacial drift con- 
sisting of clay, silt, sand, and boulders transported and 

deposited by glacial ice. 

Ground moraine (geology). Glacial till accumulated beneath the 
advancing ice and deposited from it during its dissolution, 
rather than aggregated in a thickened belt at the ice edge; 
the deposit is relatively thin and characteristically forms 
an undulating plain with gently sloping swells, sags, and 
closed depressions. 

Ground water (geology). Water that fills all the unblocked pores 
of underlying material below the water table, which is the 
upper limit of saturation. 

Horizon, soil. A layer of soil, approximately parallel to the sur- 
face, that has distinct characteristics produced by soil- 
forming processes. These are the major horizons: 

O horizon.—The layer of organie matter on the surface of a 
nm soil. This layer consists of decaying plant resi- 

ues. 

A horizon.—The mineral horizon at the surface or just below 
an O horizon. This horizon is the one in which living 
organisms are most active and therefore is marked by 
the accumulation of humus. The horizon may have lost 
one or more of soluble salts, clay, and sesquioxides (iron 
and aluminum oxides). 

B horizon.—The mineral horizon below an A horizon. The B 
horizon is in part a layer of change from the overlying 
А to the underlying C horizon. The B horizon also has 
distinctive characteristics caused (1) by accumulation of 
clay, sesquioxides, humus, or some combination of these; 
(2) by prismatic or blocky structure; (8) by redder or 
stronger colors than the A horizon; or (4) by some 
combination of these. Combined A and B horizons are 
usually called the solum, or true soil. If a soil lacks a B 
horizon, the А horizon alone is the solum. 

C horizon.—The weathered rock material immediately þe- 
neath the solum. In most soils this material is presumed 
to be like that from which the overlying horizons were 
formed. If the material is known to be different from 
that in the solum, a Roman numeral precedes the letter C. 

Е layer.—Consolidated rock beneath the soil. The rock usu- 
ally underlies a C horizon but may be immediately be- 
neath an À or B horizon. 

Internal soil drainage. The downward movement of water 
through the soil profile. The rate of movement is determined 
by the texture, structure, and other characteristics of the 
soil profile and underlying layers, and by height of the water 
table, either permanent or perched. Relative terms for 
expressing internal drainage are mone, very slow, slow, 
medium, rapid, and very rapid. 

Кате (geology). Ап irregular, short ridge or hill or stratified 
glacial drift. 

Lacustrine deposit (geology). Material deposited in lake water 
and exposed by lowering of the water level or elevation 
of the land. 

Leaching. The removal of soluble materials from soils or other 
material by percolating water. 

Loess. Fine-grained material, dominantly of silt-sized particles, 
that has been deposited by wind. 

Moderately deep soil. Soil in which the R horizon is at a depth 
of 20 to 40 inches. 

Mottling, soil. Irregularly marked with spots of different colors 
that vary in number and size. Mottling in soils usually indi- 
cates poor aeration and lack of drainage. Descriptive terms 
аге as follows: AÁbundance— few, common, and many; size 
—fine, medium, and coarse; and contrast—faint, distinct, 
and prominent. The size measurements are these: fine, less 
than 5 millimeters (about 0.2 inch) in diameter along the 
greatest dimension; medium, ranging from 5 millimeters 
to 15 millimeters (about 0.2 to 0.6 inch) in diameter along 
the greatest dimension; and coarse, more than 15 milli- 
meters (about 0.6 inch) in diameter along the greatest 
dimension. 

Muck. An organic soil consisting of fairly well decomposed 
organic material that is relatively high in mineral content, 
finely divided, and dark in color. 

Organic soil, À general term applied to a soil or to a soil hori- 
zon that consists primarily of organic matter, such as peat 
soils, muck soils, and peaty soil layers. In chemistry, or- 
ganic refers to the compounds of carbon. 
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Paha (geology). Longitudinal dunelike landforms about 20 to 
50 feet high, 200 to 1,000 feet wide, and 1,000 to 2,500 feet 
long. They are silt loams or very fine sandy loams, and 
the dominant soil particles are coarse silts or very fine 
sands. They generally rest on glacial tills or bedrock 
benches. 

Ped. An individual natural soil aggregate, such as a crumb, a 
prism, or a block, in contrast to a clod. 

Permeability. The quality that enables the soil to transmit water 
or air. Terms used to describe permeability are as follows: 
very slow, slow, moderately slow, moderate, moderately 
rapid, rapid, and very rapid. 

Pore space. That fraction of the total space in a soil that is not 
oceupied by solid particles. 

Profile, soil. A vertical section of the soil through all its hori- 
zons and extending into the parent material. 

Reaction, soil. The degree of acidity or alkalinity of a soil, 
expressed in pH values. À soil that tests to pH 7.0 is pre- 
cisely neutral in reaction because it is neither acid nor 
alkaline. An acid, or “sour,” soil is one that gives an acid 
reaction; an alkaline soil is one that is alkaline in reaction. 
In words, the degrees of acidity or alkalinity are expressed 


thus: 
pH pH 
Extremely acid - Below 45 Neutral __ 6.6 to 7.3 
Very strongly acid _4.5 to 5.0 Mildly alkaline ____7.4 to 7.8 
Strongly acid ___-- 5.1 to 5.5 Moderately alkaline _7.9 to 8.4 
Medium acid ____-- 5.6 to 6.0 Strongly alkaline 8.5 to 9.0 
Slightly acid _____- 6.1 to 6.5 Very strongly alkaline _____ 


9.1 and higher 


Runoff (hydraulies). The part of the precipitation upon a drain- 
age area that is discharged from the area in stream chan- 
nels. The water that flows off the land surface without 
sinking in is called surface runoff; that which enters the 
ground before reaching surface streams is called ground- 
water runoff or seepage flow from ground water. 

Sand. Individual rock or mineral fragments in a soil that range 
in diameter from 0.05 to 2.0 millimeters. Most sand grains 
consist of quartz, but they may be of any mineral composi- 
tion. The textural class name of any soll that contains 85 
percent or more sand and not more than 10 percent clay. 

Shallow soil. Soil in which the R horizon is at a depth of 20 
inches or less. 

Silt. Individual mineral particles in a soil that range in diameter 
from the upper limit of clay (0.002 millimeter) to the lower 
limit of very fine sand (0.05 millimeter). Soil of the silt 
textural class is 80 percent or more silt and less than 12 
percent clay. 

Solum. The upper part of a soil profile, above the parent ma- 
terial, in which the processes of soil formation are active. 
The solum in mature soil includes the A and B horizons. 
Generally, the characteristics of the material in these 
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horizons are unlike those of the underlying material. The 
living roots and other plant and animal life characteristic 
of the soil are largely confined to the solum. 

Structure, soil. The arrangement of primary soil particles into 
compound particles or clusters that are separated from ad- 
joining aggregates and have properties unlike those of an 
equal mass of unaggregated primary soil particles. The 
principal forms of soil structure are—platy (laminated), 
prismatic (vertical axis of aggregates longer than hori- 
zontal), columnar (prisms with rounded tops), blocky 
(angular or subangular), and granular. Structureless soils 
are either single grained (each grain by itself, as in dune 
sand) or massive (the particles adhering together without 
any regular cleavage, as in many claypans and hardpans). 

Subsoil. Technically, the B horizon; roughly, the part of the 
solum below plow depth. 

Substratum. Technically, the part of the soil below the solum. 

Subsurface soil. The A2 horizon, or layer just below the sur- 
face layer. 

Surface soil. The soil ordinarily moved in tillage, or its equiva- 

= lent in uncultivated soil, about 5 to 8 inches in thickness. 
The plowed layer. 

Terrace. An embankment, or ridge, constructed across sloping 
soils on the contour or at a slight angle to the contour. The 
terrace intercepts surface runoff so that it may soak into 
the soil or flow slowly to a prepared outlet without harm. 
Terraces in fields are generally built so they can be farmed. 
Terraces intended mainly for drainage have a deep chan- 
nel that is maintained in permanent sod. 

Terrace (geological). An old alluvial plain, ordinarily flat or un- 
dulating, bordering a river, lake, or the sea. Stream terraces 
are frequently called second bottoms, as contrasted to flood 
plains, and are seldom subject to overflow. Marine terraces 
were deposited by the sea and are generally wide. 

Texture, soil. The relative proportions of sand, silt, and clay 
particles in a mass of soil. The basic textural classes, in 
order of increasing proportion of fine particles, are sand, 
loamy sand, sandy loam, loam, silt loam, silt, sandy clay 
loam, clay loam, silty clay loam, sandy clay, silty clay, and 
clay. The sand, loamy sand, and sandy loam classes may be 
further divided by specifying “coarse,” “fine,” or “very fine.” 

Variant, soil. A soil having properties sufficiently different from 
those of other known soils to suggest establishing a new 
soil series, but a soil of such limited known area that 
creation of a new series is not believed to be justified. 

Water table. The highest part of the soil or underlying rock 
material that is wholly saturated with water. In some 
places an upper, or perched, water table may be separated 
from a lower one by a dry zone. z 

Wheel-track planting. Planting a erop in a plowed field in the 
tractor wheel tracks. The weight of the wheels crushes 
and firms the soil, leaving a rough surface that reduces 
the hazard of erosion. 
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GUIDE TO MAPPING UNITS 


For complete information about a mapping unit, read both the description of the mapping unit and that of the soil 
series to which the mapping unit belongs. Other information is given in tables as follows: 


Acreage and extent, table 1, page 10. Woodland, table 3, page 76. 
Predicted yields, table 2, page 73. Engineering, tables 6, 7, and 8, pages 80 to 113. 
Community Outdoor 
Capability Woodland development recreation 
unit group group ` group 
Map 
symbo1 Mapping unit Page | Symbol че | Number Number Number 
Af Alluvial land, frequently flooded------- 9 VIw-2 71 7 1 1 
An Alluvial land, sloping------------------ 9 VIw-3 71 7 1 1 
АУА Alvin fine sandy loam, 0 to 3 percent 
slopes-------------------------------- 11 115-1 66 3 3 10 
AxA Ankeny sandy loam, 0 to 3 percent 
51оре5-------------------------------- 12 IIs-1 66 8 1 2 
BaF  Bellechester sand, 25 to 45 percent 
slopes-------------------------------- 12 VIIs-1 71 6 7 12 
ВЪВ Billett sandy loam, 2 to 6 percent 
slopes-------------------------------- 13 IIIe-4 68 3 3 10 
BbC Billett sandy loam, 6 to 12 percent 
51оре5-------------------------------- 15 IVe-4 70 3 3 15 
Bc Biscay loam----------------------------- 14 1 1۷-1 66 9 2 3 
Bm Bremer silty clay loam, wet------------- 15 ITIw-3 69 9 1 3 
BoE Brodale-Sogn flaggy loams, steep-------- 15 VIIs-2 71 6 7 12 
BoF  Brodale-Sogn flaggy loams, very steep--- 15 VIIIs-1 72 6 7 12 
BrA Burkhardt loam, 0 to 3 percent slopes--- 17 IIIs-1 69 4 3 11 
Ca Canisteo silty clay loam---------------- 18 IIw-1 66 9 2 3 
СПА  Chaseburg silt loam, 0 to 3 percent 
51орев-------------------------------- 18 IIw-3 66 7 1 1 
Co Colo silty clay loam-------------------- 19 1119-3 69 9 1 1 
СУВ  Copaston loam, 1 to 6 percent slopes---- 19 111е-5 67 3 4 7 
CvC2 Copaston loam, 6 to 12 percent slopes, 
егофей-------------------------------- 19 IVe-3 70 3 4 8 
CwB  Соразфоп loam, moderately deep, 0 to 6 
percent slopes------------------------ 20 IIe-2 65 3 4 7 
CwC2 Соразтоп loam, moderately deep, 6 to 12 
percent slopes, eroded---------------- 20 IIIe-2 67 3 4 8 
Рад Dakota loam, 0 to 3 percent slopes------ 21 IIs-1 66 3 3 10 
DeC2 Derinda silt loam, 5 to 12 percent 
slopes, eroded------------------------ 21 IIIe-2 67 3 5 8 
DeD2 Derinda silt loam, 12 to 25 percent 
slopes, eroded------------------------ 21 IVe-2 69 3 5 9 
ОКА Dickinson sandy loam, 0 to 2 percent 
5Іоре5-------------------------------- 22 1115-1 69 5 3 10 
DkB Dickinson sandy loam, 2 to 6 percent 
51оре5-------------------------------- 22 111е-4 68 3 5 10 
DkC Dickinson sandy loam, 6 to 12 percent 
slopes-------------------------------- 22 IVe-4 70 3 3 13 
DoB Dodgeville silt loam, | to 6 percent 
slopes-------------------------------- 23 Пе-2 65 5 4 7 
DoC2 Dodgeville 5111 loam, 6 to 12 percent 
slopes, eroded------------------------ 23 111е-2 67 3 4 8 
DuB2 Dubuque silt loam, 2 to 6 percent 
slopes, eroded------------------------ 24 IIe-2 65 3 4 7 
DuC2 Dubuque silt loam, 6 to 12 percent 
Slopes, eroded------------------------ 24 IIIe-2 67 3 4 8 
DuD2 Dubuque silt loam, 12 to 18 percent 
slopes, егодед------------------------ 24 IVe-2 69 3 4 8 


DuF Dubuque silt loam, 18 to 35 percent 
slopes-------------------------------- 24 VIIe-2 71 5 7 9 


GUIDE TO MAPPING UNITS--Continued 


Mapping unit 


Eleva sandy loam, 2 to 6 percent slopes-- 
Eleva sandy loam, 6 to 18 percent slopes- 
Estherville loam, 0 to 6 percent slopes-- 
Estherville soils, 6 to 18 percent 
slopes--------------------------------- 
Fairhaven silt loam, 0 to 3 percent 
в1орез--------------------------------- 
Frontenac soils, steep------------------- 
Frontenac soils, very steep-------------- 
Gale silt loam, 0 to 3 percent slopes---- 
Garwin silty clay loam------------------- 
Garwin silty clay loam, swales----------- 
Gotham fine sand, 2 to 12 percent slopes- 
Gotham fine sand, 12 to 35 percent 
510ре5--------------------------------- 
Houghton muck---------------------------- 
Houghton muck, seepy--------------------- 
Joy silt loam, O to 3 percent slopes----- 
Kasson silt loam, 1 to 3 percent slopes-- 
Kegonsa silt loam, O to 3 percent slopes- 
Kegonsa and Fairhaven silt loams, 6 to 
18 percent slopes---------------------- 
Klinger silty clay loam, 1 to 3 percent 
slopes--------------------------------- 
Lawson silt loam------------------------- 
Lilah sandy loam, 0 to 6 percent slopes-- 
Lilah sandy loam, 6 to 35 percent slopes- 
Lindstrom silt loam, 2 to 6 percent 


slopes---------- ————————ÓÁ— 
Lindstrom silt loam, 6 to 12 percent 

510ре5--------------------------------- 
Lindstrom silt loam, 12 to 25 percent 

51оре5--------------------------------- 


Marlean soils, steep--------------------- 
Marlean soils, very steep---------------- 


Maxfield silty clay loam----------------- 
Maxfield silty clay loam, swales--------- 
McPaul silt 1оап------------------------- 
Mt. Carroll silt loam, 0 to 2 percent 
slopes--------------------------------- 


5Іоре5--------------------------------- 
Mt. Carroll silt loam, 6 to 12 percent 

slopes, eroded------------------------- 
Mt. Carroll silt loam, benches, 0 to 3 

percent slopes------------------------- 
Orion silt loam, wet--------------------- 
Ostrander silt loam, 1 to 6 percent 


Ostrander silt loam, 6 to 12 percent 
slopes, eroded------------------------- 

Plainfield loamy sand, 0 to 6 percent 
51оре5--------------------------------- 


Page 
25 
25 
26 


26 


Community 
Capability Woodland development 
unit group ‘group 
| Symbol Page Number Number 
IIIe-4 68 3 4 
IVe-4 70 3 4 
1115-1 69 4 š 
IVe-4 70 4 9 
115-1 66 3 3 
VIIë-2 71 5 7 
УТТе-2 71 5 7 
IIs-1 66 3 4 
IIw-1 66 9 2 
1 ۲1۷-1 68 9 2 
IVs-1 70 4 3 
VIIs-1 71 4 9 
VIw-1 70 9 2 
۷1۷-1 70 9 2 
1-2 65 2 5 
115-2 66 2 5 
115-1 66 3 3 
IIIe-2 67 3 9 
I-2 65 2 5 
IIw-2 66 8 1 
IVs-1 70 4 3 
VIIs-1 71 4 9 
IIe-1 65 1 6 
IIIe-1 67 1 6 
IVe-1 69 1 8 
VIIs-2 71 5 7 
VIIs-2 71 5 7 
VIIIw-1 71 9 1 
IIw-1 66 9 2 
IIIw-1 68 9 2 
IIw-3 66 7 1 
I-1 64 1 6 
11е-1 65 1 6 
І11е-1 67 1 6 
1-1 64 1 6 
IIIw-3 69 5 1 
116-1 65 1 6 
IIIe-1 67 1 6 
IVs-1 70 4 3 
VIIs-1 71 4 9 


Outdoor 
recreation 
group 


Number 
7 
8 
11 


15 
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Community Outdoor 
Capability Woodland development recreation 
unit group group group 
Map 
symbol Mapping unit Page| Symbol Page Number Number Number 
PbA Port Byron silt loam, 0 to 2 percent 
slopes-------------------------------- 44 I-1 64 1 5 
PbB Port Byron silt loam, 2 to 6 percent 
| S10pES----------- م ت‎ 44 IIe-1 65 1 5 
PbC2 Port Byron silt loam, 6 to 12 percent 
Slopes, eroded------------------------ 45 IlIe-1 67 1 6 
PoA Port Byron silt loam, benches, O to 3 
percent slopes------------------------ 45 I-1 64 H 5 
RaB Racine silt loam, 1 to 6 percent slopes- 46 IIe-1 65 1 5 
RaC Racine silt loam, 6 to 12 percent 
51оре5-------------------------------- 46 11 16-1 67 1 6 
RaC2 Racine silt loam, 6 to 12 percent 
slopes, eroded------------------------ 46 IIIe-1 67 1 6 
RaD2 Racine silt loam, 12 to 18 percent 
slopes, eroded------------------------ 46 IVe-1 69 1 6 
RaE Racine soils, 18 to 35 percent slopes--- 47 VIIe-1 71 1 9 
Rd Radford silt loam----------------------- 47 IIw-2 66 8 2 
SaB Salida gravelly coarse sand, 1 to 12 
percent slopes------------------------ 49 IVs-1 70 4 11 
SaE Salida gravelly coarse sand, 12 to 45 
percent в1оре5------------------------ 49 VIIs-1 71 4 13 
ScC Schapville silty clay loam, 2 to 12 
percent slopes------------------------ 49 IIIe-2 67 3 8 
ScD Schapville silty clay loam, 12 to 18 
percent slopes------------------------ 50 IVe-3 70 3 8 
SdE Schapville-Sogn complex, 18 to 35 
percent slopes------------------------ 50 VIIs-2 71 6 9 
SfA Seaton silt loam, 0 to 2 percent slopes- 51 I-1 64 1 5 
SfB Seaton silt loam, 2 to 6 percent slopes- 51 IIe-1 65 1 5 
SfC2 Seaton silt loam, 6 to 12 percent 
slopes, eroded------------------------ 51 IIIe-1 67 1 6 
SfD2 Seaton silt loam, 12 to 18 percent 
slopes, eroded------------------------ 51 IVe-1 69 1 6 
SfE Seaton silt loam, 18 to 25 percent 
510рр5-------------------------------- 51 VIe-1 70 1 9 
ShC2 Seaton 5111 loam, valleys, 6 to 12 
percent slopes, eroded---------------- 52 IIle-1 67 1 6 
ShD2 Seaton silt loam, valleys, 12 to 18 
percent slopes, eroded---------------- 52 IVe-1 69 1 6 
ShE Seaton silt loam, valleys, 18 to 25 
percent slopes------------------------ 52 VIe-1 70 1 9 
SkC2 Seaton complex, 6 to 12 percent slopes, 
етофеф-------------------------------< 52 IIIe-1 67 1 6 
SkD2 Seaton complex, 12 to 25 percent slopes, 
етобе4-------------------------------- 52 ІУе-1 69 1 6 
SIE  Seaton, Timula, and Bold 511% loams, 
зтеер---------------------+----------- 53 VIIe-1 71 1 9 
SmC Shullsburg silty clay loam, 2 to 14 
percent slopes------------------------ 53 IIIw-2 68 2 4 
Sn Skyberg silt loam----------------------- 54 IIIw-2 68 2 4 
SoD Sogn and Copaston 50115, 12 to 25 
percent slopes------------------------ 56 VIIs-2 71 6 9 
SpA Sparta loamy sand, O to 3 percent 
slopes-------------------------------- 56 IVs-1 70 4 11 
Тев Теггі1 sandy loam, 2 to 6 percent 
в51оре5-------------------------------- 57 IIe-1 65 1 5 


GUIDE TO MAPPING UNITS--Continued 


Community Outdoor 
Capability Woodland development recreation 
unit group group group 

Map - 
symbo1 Mapping unit Page | Symbol Page Number Number Number 
Тес Тетгі1 sandy loam, 6 to 12 percent j 

slopes----~----------~---------------- 57 111е-1 67 1 6 6 
Тер Тетгі1 sandy loam, 12 to 25 percent 

5іорев-------------------------------- 57 1Уе-1 69 1 8 6 
ТВ Timula silt loam, 2 to 6 percent slopes- 59 IIe-1 65 1 6 5 
ТК Timula silt loam, 6 to 12 percent 

51оре5----------------------.--------- 59 IIIe-1 67 1 6 6 
Тор Timula-Bold silt loams, 12 to 25 percent 

slopes-------------------------------- 59 VIe-1 70 1 8 6 
VaA Vasa silt loam, 0 to 3 percent slopes--- 60 1-2 65 2 5 4 
WaA Waukegan silt loam, 0 to 3 percent 

51оре5-------------------------.------ 60 115-1 66 3 5 10 
МВ — Whalan silt loam, 1 to 6 percent slopes- 61 Пе-2 65 5 4 7 
WhC2 Whalan silt loam, 6 to 12 percent 

slopes, erodéd-----------------.------ 61 IIIe-2 67 3 4 8 
WsB Whalan silt loam, moderately shallow, 

1 to 6 percent slopes----------------- 61 IIIe-5 67 3 4 7 
WsC2 Whalan silt loam, moderately shallow, 

6 to 12 percent slopes, eroded-------- 62 IVe-3 70 3 4 8 
WsD2 Whalan silt loam, moderately shallow, 

12 to 18 percent slopes, eroded------- 62 IVe-3 70 3 4 8 
МЕ — Whalan silt loam, moderately shallow, 

18 to 35 percent slopes--------------- 62 VIIe-2 71 5 7 9 


Zu Zumbro loamy запй----------------------- 63 1115-1 69 7 1 2 


SYMBOL 


At 
An 
АМА 
АХА 


BaF 
BbB 
BbC 
Bc 
Bm 
ВоЕ 
ВоЕ 
BrA 


Ca 
ChA 
Co 
CvB 
CvC2 


CwB 


CwC2 


02۸ 
DeC2 
DeD2 
ОКА 
окв 
окс 
Оов 
DoC2 


DuB2 
Duc? 
DuD2 
DuF 


EeB 
EeD 
EsA 
EsC 


FaA 
Fre 
НЕ 


GaA 


Gm 
Gr 


GtB 
GtD 


Ho 
Hs 


ЗоА 


КаА 
КеА 
ко 


КпА 


La 
LIA 
шо 
LnB 
Lac 
116 


маЕ 
MaF 
Md 
Mt 
Mo 
Mp 
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ERRATUM 


SOIL LEGEND 


The first capita! letter is the initial one of the soil name. А second capital letter. A, В, C, D. E, or F, shows 
the slope. Most symbols without a slope letter are for nearly levet soils, but some are for land types that have 
a considerable range of slope. A final number 2 in the symbol shows that the soil is eroded. 


NAME 


Alluvial fand, frequently flooded 

Alluvial fand, sloping 

Alvin fine sandy loam, 0 to 3 percent slopes 
Ankeny sandy loam, 0 to 3 percent slopes 


Bellechester sand, 25 to 45 percent slopes 
Billett sandy loam, 2 to 6 percent slopes 
Billett sandy loam. 6 to 12 percent slopes 
Biscay loam 

Bremer silty clay loam, wet 

8۲002۱6-508۳ ۱228۷ loams, steep 
Brodale-Sogn flaggy loams, very steep 
Burkhardt loam, 0 to 3 percent slopes 


Canisted silty clay loam 

Chaseburg silt loam, 0 to 3 percent slopes 

Colo silty clay loam 

Copaston loam, 1 to 6 percent slopes 

Copaston loam. 6 to 12 percent slopes, 
eroded 

Copaston loam, moderately deep. 0 to 6 percent 
slopes 

Copaston loam. moderately deep, 6 to 12 percent 
slopes, eroded 


Dakota ioam, 0 to 3 percent slopes 
Derinda silt loam, 5 to 12 percent slopes. eroded 
Derinda silt toam, 12 to 25 percent slopes, eroded 
Dickinson sandy toam, 0 to 2 percent slopes 
Dickinson sandy loam, 2 to 6 percent slopes 
Dickinson sandy foam, 6 to 12 percent slopes 
Dodgeville silt loam. 1 to 6 percent slopes 
Dodgeville silt loam, 6 to 12 percent ۰ 
eroded 
Dubuque silt foam, 2 to 6 percent slopes, eroded 
Dubuque silt loam, 6 to 12 percent slopes, eroded 
Dubuque sitt loam, 12 to 18 percent slopes, eroded 
Dubuque silt loam, 18 to 35 percent slopes 


Eleva sandy loam, 2 to 6 percent stopes 
Eleva sandy foam, 6 to 18 percent slopes 
Estherville loam, 0 to 6 percent slopes 
Esthervitle soils, 6 to 18 percent slopes 


Fairhaven silt toam, 0 to 3 percent slopes 
Frontenac soils, steep 
Frontenac soils, very steep 


Gale silt loam, 0 to 3 percent slopes 
Garwin silty clay loam 

Garwin silty clay ۱۵2۳, 5 

Gotham fine sand, 2 to 12 percent slopes 
Gotham fine sand, 12 to 35 percent slopes 


Houghton muck 
Houghton muck, seepy 


Joy silt loam, 0 to 3 percent stopes 


Kasson silt loam, 1 to 3 percent slopes 

Kegonsa silt loam, 0 to 3 percent slopes 

Kegonsa and Fairhaven silt loams,6 to 18 percent 
slopes 

Klinger silty clay foam, 1 to 3 percent slopes 


Lawson silt loam 

Lilah sandy loam, 0 to 6 percent slopes 
Lilah sandy toam, 6 to 35 percent slopes 
Lindstrom silt loam, 2 to 6 percent slopes 
Lindstrom silt loam, 6 to 12 percent slopes 
Lindstrom silt foam, 12 to 25 percent slopes 


Marlean soils, steep 

Marlean soils, very steep 

Marsh 

Maxfield silty clay loam 
Maxfield silty clay loam, swales 
McPaul silt foam 


SYMBOL 


МГА 
MrB 
MrC2 


MxA 


2۷ 


NAME 


Mt. Carroll silt loam, 0 to 2 percent slopes 

Mt. Carroll silt loam, 2 to 6 percent slopes 

Mt. Сато silt loam, 6 to 12 percent slopes, 
eroded 

Mt. Carroll silt loam, benches, 0 to 3 percent 
slopes 


Orion silt foam, wet 

Ostrander silt loam, 1 to 6 percent slopes 

Ostrander silt loam, 6 to 12 percent slopes. 
eroded 


Plainfield foamy sand, 0 to 6 percent slopes 

Plainfield loamy sand, 6 to 25 percent slopes 

Port Byron silt loam, 0 to 2 percent slopes 

Port Byron silt loam, 2 to 6 percent slopes 

Port Byron silt foam, 6 to 12 percent slopes. 
eroded 

Port Byron silt toam, benches. 0 to 3 percent 
slopes 


Racine silt loam, 1 to 6 percent slopes 

Racine silt loam, 6 to 12 percent slopes 

Racine silt loam. 6 to 12 percent slopes, eroded 
Racine silt loam, 12 to 18 percent slopes, eroded 
Racine soils, 18 to 35 percent slopes 

Radford silt loam 


Salida gravelly coarse sand, 1 to 12 percent 
slopes | 

521102 gravelly coarse sand, 12 to 45 percent 
slopes 

Schapville silty clay loam, 2 to 12 percent 
slopes 

Schapville silty clay loam, 12 to 18 percent 
siopes 

Schapville-Sogn complex, 18 to 35 percent 
slopes 

Seaton $1 loam, 0 to 2 percent slopes 

Seaton silt loam, 2 to 6 percent slopes 

Seaton siit loam, 6 to 12 percent slopes, eroded 

Seaton silt loam, 12 to 18 percent slopes, eroded 

Seaton silt loam, 18 to 25 percent slopes 

Seaton silt loam, valleys, 6 to 12 percent stopes, 
erodec 

Seaton silt loam, valleys, 12 to 18 percent slopes, 
eroded 

Seaton silt loam, valleys, 18 to 25 percent stopes 

Seaton complex, 6 to 12 percent slopes, eroded 

Seaton complex, 12 to 25 percent slopes, eroded 

Seaton. T imula, and Bold silt ioams, steep 

Shullsburg silty clay loam, 2 to 14 percent slopes 

Skyberg silt foam 

Sogn and Copaston soils, 12 to 25 percent slopes 

Sparta loamy sand, 0 to 3 percent slopes 


Terril sandy loam, 2 to 6 percent slopes 

Terri! sandy toam, 6 to 12 percent slopes 
Тет! sandy loam, 12 to 25 percent slopes 
Timula silt іоат, 2 to 6 percent slopes 

Timula silt loam, 6 to 12 percent slopes 
Timuta-Bold silt loams, 12 to 25 percent slopes 


Vasa silt loam, 0 to 3 percent slopes 


Waukegan silt loam, 0 to 3 percent slopes 

Whalan silt toam, 1 to 6 percent slopes 

Whalan silt toam, 6 to 12 percent stopes, eroded 

Whatan silt loam, moderately shallow, 1 to 6 
percent slopes 

Whalen silt loam, moderately shallow, 6 to 12 
percent slopes, eroded 

Whalan silt loam, moderately shallow, 12 to 18 
percent slopes, eroded 


Whalan silt loam, moderately shallow, 18 to 35 percent 


slopes 


Zumbro loamy sand 


Accessibility Statement 


This document is not accessible by screen-reader software. The Natural 
Resources Conservation Service (NRCS) is committed to making its information 
accessible to all of its customers and employees. If you are experiencing 
accessibility issues and need assistance, please contact our Helpdesk by phone at 
1-800-457-3642 or by e-mail at ServiceDesk-FTC @ftc.usda.gov. For assistance 
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may also wish to contact our State or local office. You can locate the correct office 
and phone number at http://offices.sc.egov.usda.gov/locator/app. 
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individual's income is derived from any public assistance program. (Not all prohibited 
bases apply to all programs.) Persons with disabilities who require alternative means 
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contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a 
complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, S.W., Washington, D.C. 20250-9410, or call (800) 795-3272 
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and 
employer. 


SOIL ASSOCIATIONS * 
SOILS FORMED IN LOESS AND GLACIAL TILL 


Maxfield-Klinger association: Nearly level, somewhat poorly drained 
to very poorly drained, moderately fine textured soils 


Klinger-Maxfield-Kasson association: Gently sloping and nearly level, 
GG moderately well drained to very poorly drained, moderately fine textured 
and medium textured soils 


Racine-Ostrander-Maxfield association: Nearly level to sloping, well 
[37 drained to very poorly drained, medium textured and moderately fine 


6 چم‎ textured soils 
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Timula-Frontenac association: Sloping to very steep, well-drained, 
medium-textured soils 


Seaton-Frontenac-Chaseburg association: Nearly level to very steep, 
well-drained, medium-textured soils 


10 wl 


R. 12 W. 


SOILS FORMED IN OUTWASH OR RECENT ALLUVIUM 
Estherville-Waukegan-Alluvial land association: Nearly level to sloping, | 
Somewhat excessively drained, well-drained, and poorly drained, med- 
ium-textured and coarse-textured soils 
Marsh-McPaul-Radford association: Depressional, very poorly drained 


marshes; and nearly level, moderately well drained and somewhat poorly 
drained, medium-textured soils 


* The texture is that of the surface layer of the major soils. 
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SOIL LEGEND 


The first capital letter is the initial one of the soil пате. А second capital letter. А. B. C. D. E. or Е. shows 
the slope. Most symbols without а slope letler are for nearly level soils, but some are for tand types that have 
a considerable range of slope. A final number 2 in the symbol shows thal Ihe soil is eroded. 


SYMBOL 


AF 
AN 
AVA 
AXA 


NAME 


Alluvial land. frequently flooded 

Alluvial fand, slaping 

Alvin fine sandy loam. ۵ to 3 percent slopes 
Ankeny sandy (рат, 0 ta 3 percent slopes 


Bellechester sand, 25 Lo 45 percent slopes 
Billett sandy loam. 2 to 6 percent slopes 
Billett sandy loam, 6 to 12 percent slopes 
Biscay loam 

Bremer silty clay loam. wet 

Brodale-Sogn flaggy loams, steep 
Brodale-Sogn flaggy loams. very sleep 
Burkhardt loam. 0 to 3 percent slopes 


Canisted silty clay loam 

Chaseburg за! loam. 0 to 3 percent slopes 

Cols silly clay loam 

Сора оп laam. 1 to 6 percent slopes 

Copaston loam. 6 to 12 percent slapes. 
eroded 

Copaston loam. moderately deep. 0 ta 6 percent 
slapes 

Copaston loam, moderately deep. 6 lo 12 percent 
slopes, eroded 


Dakota loam, 0 to 3 percent slopes 
Derinda silt loam. 5 to 12 percent stapes. eroded 
Derinda silt loam, 12 to 25 percent slopes. eroded 
Dickinson sandy laam. 0 to 2 percent slopes 
Dickinson sandy loam, 2 to 6 percent slopes 
Dickinson sandy loam. 6 to 12 percent slopes 
Dodgeville silt loam, 1 to 6 percent slopes 
Dodgeville silt loam, 6 ta 12 percent slopes. 
eroded 
Dubuque silt loam, 2 to 6 percent slopes. eroded 
Dubuque silt laam. 6 to 12 percent slapes, eroded 
Dubuque silt loam. 12 10 18 percent slopes. eroded 
Dubuque silt loam, 18 to 35 percent slopes 


Eleva sandy loam. 2 to 6 percent slopes 
Eleva sandy loam. 6 to 18 percent slopes 
Estherville loam, 0 to 6 percent slopes 

Estherville 50115. 6 to 18 percent slopes 


Fairhaven silt loam, 0 to 3 percent slopes 
Frontenac 50115. sleep 
Frontenac soils, very steep 


Gale sift foam, D to 3 percent slopes 
Garwin silty clay loam 

Garwin silty clay foam, swales 

Gotham fine sand, 2 to 12 percent slopes 
Gotham fine sand. 12 to 35 percent slopes 


Houghton muck 
Houghton muck. зееру 


Joy siit loam. 0 to 3 percent slopes 


Kasson silt loam. 1 to 3 percent slopes 

Kegonsa silt loam. 0 to 3 percent slopes 

Kegonsa and fairhaven silt loams. 6 to 18 percent 
slopes 

Klinger silty clay loam. | to 3 percent slopes 


Lawson sill loam 

Lilah sandy loam, 0 to 6 percent slopes 
Lilah sandy toam. 6 to 35 percent slopes 
Lindstrom silt рат, 2 to 6 percent slopes 
Lindstrom silt loam. 6 to 12 percent slopes 
Lindstrom silt loam, 12 to 25 percent slopes 


Marlean soils, steep 

Martean за 5. very sleep 

Marsh 

Maxfield 5۱۱۱۷ clay loam 

Maxfield silty clay loam. swales 

МсРаш silt loam 

Mt. Carroll silt loam, ۵ to 2 percent slopes 

Mt. Carroll silt loam. 2 to 8 percent slopes 

М. Carroll silt loam, 6 to 12 percent slopes. 
eroded 

Mt. Carroll silt loam, benches, 0 to 3 01 
slopes 


Orien silt foam. wet 

Ostrander silt loam. 1 to 6 percent slopes 

Ostrander silt loam. 6 to 12 percent slopes. 
eroded 


Plainfield loamy sand. 0 to 6 percent slopes 

Plainfield loamy sand. 6 to 25 percent slopes 

Port Byron soit loam. 0 to 2 percent slopes 

Port Byron silt loam. 2 to 6 percent slopes 

Port Byron silt loam. $ to 12 percent slopes. 
eroded 

Port Вутоп silt loam. benches. 0 to 3 percent 
slopes 


Racine sitt loam. 110 6 percent slopes 

Racine silt loam. 6 to 12 percent slopes 

Racine silt loam. 6 ta 12 percent slopes. eroded 
Racine sili loam. 12 to 18 percent slopes. eroded 
Racine soils. 18 to 35 percent slopes 

Radfard silt (сат 


NAME 


Salida gravelly coarse sand. 1 to 12 percent 
slopes 

Salida gravelly coarse sand. 12 to 45 percent 
slopes 

Schapville silty clay loam. 2 to 12 percent 
slopes 

Schapville silty clay loam, 12 to 18 percent 
slopes 

Schapville-Sogn complex. 18 to 35 percent 
slopes 

Seaton silt loam. 0 to 2 percent slopes 

Sealon silt Ipam. 2 to 6 percent slopes 

Seaton silt loam, 6 to 12 percent slopes. eroded 

Seaton sill loam. 12 to 18 percent slopes. 0 

Seaton silt loam, 18 to 25 percent slopes 

Seaton sill (сат. valleys. 6 to 12 percent slopes. 
eroded 

Seaton silt loam. valleys. 12 to 18 percent slopes. 
eroded 

Seaton silt loam. valleys. 18 to 25 percent slopes 

Seaton complex. 6 to 12 percent slopes. eroded 

Seaton complex. 12 to 25 ресет slopes. eroded 

Seaton. timula. and bold silt foams, steep 

Shulisburg silty clay loam, 2 to 14 percent slopes 

Skyberg sill loam 

Sogn and copaston soils. 12 to 25 percent slopes 

Sparta (сату sand. 0 to 3 percent slopes 


Terril sandy loam. 2 to 6 percent slopes 

Tetril sandy loam. 6 to 12 percent slopes 
Terri) sandy loam. 12 to 25 percent slopes 
Timula silt loam, 2 to 6 percent slopes 

Timula silt loam, 6 to 12 percent slopes 
Timula-Boid silt loams. 12 to 25 percent slopes 


Vasa silt loam, 0 to 3 percent slopes 


Waukegan sill Ioam. 0 to 3 percent slopes 

Whalan silt loam. | ta 6 percent slopes 

Whalan silt loam, 6 to 12 percent slopes. eroded 

Whalan silt laam. moderately shallow. 1 to 6 
percent slopes 

Whalan silt foam. moderately shallow, 6 to 12 
percent slopes, eroded 

Whalan silt loam. moderately shallow, 12 to. 18 
percent slopes, eroded 

Whafan silt loam. moderately shallow, 18 to 39 percent 
slopes 


Zumbro loamy sand 


WORKS AND STRUCTURES 
Highways and roads 


Highway markers 


National Interstate .......... 


Church ен i 
Mine and quarry ............... * оу 
Gravel pit ...................... Ror 
Powerline ..................... P ER lets 
Pipeline ........................ م بم سم بم‎ — — 
Cemetery esses ЗЕ 
Оаа: Плас АА 
Landes als ii 
Та زج‎ as . © 
Well, oil оғ gas ...........,..,, 8 
Forest tire or lookout station ... ~ 
Windmill ....................... х 


GOODHUE COUNTY, MINNESOTA 


CONVENTIONAL SIGNS 


BOUNDARIES 
National or state .............. == s 
COUNTY... = = مس‎ 
Minor civil dlvision ............. == 
Reservation... esa nn 
Limit of soil survey .......... 
Small park, cemetery, airport... ЕЕ 


Land survey division corners ... lL L- + | 


DRAINAGE 
Streams, doublé-line 
Me ет тт 
Perenniad ................... — 
سے‎ ۰. | — 
Intermittent ................. нам 
Streams, single-line 
Perennial .................... 0—6 
intermittent 
Crossable with tillage 
im (Вата а —.— < 
Not сгозза with tillage 
implements .............. еден 
Unclsssified ..........,,,. — vm 
Canals and ditches ............ ا ود‎ em 
Lakes and ponds 


intermittent... p т) 
Sering ................... ы 
Marsh or swamp ............... 

Wet spot ....:.................. w 


Drainage end or alluvial ап... ---------- 


RELIEF 

.Ежагртепіз 

Other ....................... ——— 
Short steep sioe і............!. +..." 
Prominent peak .......... "EN $ 
pines | Large — Small 

e ود‎ Er 2 

про. 

қ 
дамите, oe . 


SOIL SURVEY DATA 


Soil boundary 
and symbol .................. 
Gravel _......................... АС 
& 4 
JO q 
Stoniness ٩ в 
агу stony .......... а 
Rock outcrops .................. ми 
Chert fragments ................ <. 
Clay spot ...................... x 
Sand spot ...................... >: 
Gumbo or scabby spot ......... * 
Made land ..................... = ML 
Severaly eroded spot ........... = 
Blowout, wind erosion ,......... ~ 
GU ........................... Ann 
Borrow pit .................... В.Р. 
Clay pit ...................... с.т 
Small area of colluvium ...... e 
Small area of high lime soil .... 
Saline or alkali spot ........,. + 
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